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COMPOSITION OF BONES. 



Before entering upon the disposition of the bony matter, a few words may be pre- 
mised as to the composition of tbat matter in the different classes of Yertebrata. These 
classes are ioux :— Fishes, Eeptiles, Birds, and Mammals, which latter class includes 
the hair-dad beasts, commonly called quadrupeds, with the naked whales and human 
kind. Fishes have the smallest proportion, birds the largest proportion, of the 
earthy matter in their bones. The aniinal part in all is chiefly a gelttiaous substance. 

PBOFOBTIONS OF BABTHT OB INOBOANIC, AND OP ANIMAL OB OBOANIC, MATTBB IN 

THE BONES OF THE YEBTEBBATE ANIMALS. 



FISHES. 



Salmon. 

Organic 60*62 

Inorguic 39*38 



100-00 



Carp. 
40*40 
5960 

100-00 



Cod. 
84-30 
66*70 

100-00 



BEPTILES. 



Frog." 

Organic 35-50 

Inorganic 64-50 



100-00 



Snake. 
31-04 
69*96 

100-00 



lizard. 
46*67 
53-33 

100-00 



Wl A| HM^ff ^T^R, 



Porpoise. 

Organic 35*90 

Iiioi^anic 64*10 



10000 



Ox. 
81*00 
6900 

100*00 



Lion. 

27-70 

72-30 

100-00 



Man. 
31-03 
68-97 

100*00 



BIBDS. 



Goose. 

Organic 32*91 

inorganic 67 09 



100*00 



Turkey. 
30 49 
69*51 

100*00 



Hawk. 

26*72 

73*28 

100-00 



From the above table it will be seen that the bones of the fresh-water fishes have 
more animal matter, and are, consequently, lighter than those of fishes from the denser 
element of sea-water ; and that the marine mammal called porpoise differs little from 
the sea-fish in this respect. The batrachian frog has more animal matter in its bones 
than the ophidian or saurian reptiles, and thereby, as in other respects, more resembles 
the fish. Serpents almost equal birds in the great proportion of the osseous salts, and 
hence the density and iyory-like whiteness of their bones. 

The chemical nature of the inorganic or hardening particles, and of the organic 
basis of bone, is exemplified in the subjoined Table, including a species of each of the 
four classes of Vertebrata : — 
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OHEMIGAX COMPOBITIOX OF 


BONES. 






Phosphate of lime, with trace of fluate 
of lime 


Havk. 


Man. 


Tortoise. 


Cod. 


64-39 
703 
0-94 

0-92 

26-73 

0-99 


59-63 
7-33 
1-32 

069 

29-70 

133 


62-66 

1263 

0-82 

0-90 

31-76 

1-34 


67-29 
4-90 
2-40 

1-10 

82-31 

2-00 


Carbonate of lime 


Phosphate of magnesia 


Sulphate, carbonate, and chlorate of 
soda i 


Glutin and chondrin 


Oil 






100-00 


100-00 


100 00 


100-00 



Bony matter is very variously disposed in the bodies of vertebrate animals. The 
sturgeon, the crocodile, and the armadillo are instances of its accumulation upon or 
near the surface of the body ; and hence the ball-proof character of the skin of the 
largest of these mailed examples. The most constant position of bone is around the 
central masses of the nervous and vascular systems, with rays thence extending into 
the middle of the chief muscular masses, forming the bases of the limbs. Portions of 
bone are also developed to protect and otherwise subserve the organs of the senses, and 
in some species are foimd encasing mucus-ducts, and buried in the substance of certain 
viscera — as, e. ^., the heart in the bullock and some other large quadrupeds. Strong mem- 
branes, called " aponeurotic," and certain leaders or tendons, become bony in some flnimala • 
as, e, g.j the "tentorium" in the cat, the temporal fascia in the turtle, the leaders of the 
leg-muscles in the turkey, the nuchal ligament in the mole. Fig. 41, «, and certain 
tendons of the abdominal muscles of the kangaroo, which, so ossified, are called the "mar- 
supial bones." Fig. 44. 

For a clear and intelligible view of the osseous sjrstem in general, it has become 
requisite to make a primary classification of its parts according to their prevalent 
position, as in the cases above cited. The superficial or skin-bones constitute the 
system cf the " dermo-skeleton" (from the Greek derma^ skin, and skeleton) ; the 
deep-seated bones, in relation to the nervous axis and locomotion, form the " neuro- 
skeleton" (Gr. neurorij nerve, and skeleton) ^ the bones connected with the sense-organs 
and viscera form the "splanchno-skeleton" (Gr. splagchnmi^ viscus, or inward part, 
and skeleton) ; those developed in tendons, ligaments, and aponeuroses, the " sclero- 
skeleton" (Gr. scleros, hard, and skeleton) . These technical terms may seem harsh, 
and sound strange to those commencing the study of the structure of animals, but the 
most complex product of creation cannot be comprehended without terms e-xprcssive of 
the results of the classification and generalization of the manifold phenomena it ofiers 
to the contemplative student. 

In the arrangement of the parts of the dermo-, splanchno-, and sclero-skeletons, no 
common pattern is recognisable. One can discern a definite end or purpose gained by 
the positions those terms indicate of certain bony plates, cases, or rods, and the special 
reflation of such to the habits and well-being of the creatures manifesting them ; but 
the diversity in the number, size, shape, and relative position of such dermal bones and 
visceral bones seems interminable. 

The head of the sturgeon, Fig. 1, is defended by a case of superficial bony plates, 
d Z, d Tj d \\i &c., and the body by five longitudinal rows of similar plates — one 
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extending slong lie mid-Hno of the buck, di, di, one aloag cnch side of IIib body, 
i4p, dp, and two iloog the belly, rfS, dh, between tlie fins callod " pectond," 57, and 




" rentral." The obaervatiDru of tlie Icbthyologist, or of those conceracd in the capture 
of the flturgeoDB for the Boko of their air-bladder, of which the most Tnluable jainglasg 
coQsiala, show us how well the erterniil dctensivo armoiir of these fishes is Bdaptrf tc 
thoir modo of life. The sturgeons may be called the Bcavengers of the great rivera 
which they ftequent ; thoy habitually swim low, nA grovel along the bottom, turning 
up iho mud and saad with their pig-liko snout, testing the disturbed matter with 
tlioir feelers, 6, and feeding in ahoals, on the docomposing animal and vegetable Bub- 

1063 which are carried down with the debris of the continents drained by those 
rapid currents ; thus they are ever busied leconverting the substances, whieh otherwise 
would tend to corrupt the ocean, into their own living organized matter. These Gshca 
re, therefoie, duly weighted by S ballast of dense dermal, osseous plates — not scattered 
t Tandem over their surface, hut T^n^larly aminged, as every seaman Imowa bow 
balbist should be. in orderly series along the middle and sides of the body. The pro- 

ioa against the logs and stones harried along thoir feeding-grounds, which the 
Btiirgeons derivo from their plate-armour, renders ncedloss the ossifloation of the inune- 
diate case of the brain and spinal marrow, and consequently oil the parts of the neuro- 
skeleton, ch, pi, n, la, remain in the flexible, elastic, gristly state ; the weight of 
le deniUMikuIcton requinug that Ihe othoc systems of the skcletoa should be kept as 
light ss might be compstible with its defensive and sustaining functiona. This view of the 
final purpose of the dermal bony plates in the existing sturgeons afibrds some insight intu 
the habits and conditions of existence of the similarly mailed extinct fishes whieh 
abounded in the seas of the secondary periods of the geological history of this planet. 

most of these fishes, as in the sturgeons, the dermal bones ant coated externally 
with a much harder material, leaemblinj; enamel, and such fishes have accordingly 
been termed "ganoid," from the Greet word "ganos," aignilying brightness. The 
ganoid plates in those extinct fishes are uaually more cloee-aet, overlapping each otlier, 
d being fastened together lika tUoa, hy a peg of one entering a socket in the next. 
and reciprocally. Only two geucro of fiahes are now known to exhibit this beautii'ul 
arrangement of the dormul bdn^, viz., the potypUriu of Iho NQe, and the Upidoalcm of 
Cie OMa, sad othur great rivem of Xorth America. 
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In tlis armBilillo the dermal bones, Fig. 2, a i, a 
Fig a. 



Bii-sided, amootL on doir inner BHifeco, 
■which Tcata OQ the soft Biihcutaneoui layor 
of ceUulur tissue, variously seulptured oi 
the outer imd exposed side, but vith a 
pattern constant iu, and cbaxRcteriBtic ot, 
each species. They are united together at 
tlieir thick marg^ by rough or "sutuniL" 
sur&(«s, and reeemble a tesscllatod paro- 
msnt. The trunk ia protected hy a large 
buckler of this bony armour ; (lie head i^ 
defended by a casque of the same ; and 
the tnil is encased in a eheath of similar 
intcrloi^ed ofisicles. To allav of the re- 
quisite mOTemenla of the trunk in the 
small enstiiig armadillos, which, when 
attacked, roll themsolrea into a ball, &om 
three to nine traosverae rows of the dermal 
itcrposed, baring a yielding elastic juncdan with eauh other, and with 
and by this 
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r, when its parts 
heric form. Tn, 
ains of gigantic 
recent tertiary 



bones, b 6, 

the anterior, o o, and posterior fixed, and larger, parts of the trunk- 
modification the head and limbs can be withdrawn beneath the arm 
aro pulled together by the strong GutoDeooH muscles into a hem: 
South America, to which continent the armadillos are peculiar, r 
quadrupeds, aimilarly defended, have been discoTerod in the mi 
posits ; but in those colossal armadillos {Gl^ptodon) the trunk-armour was in one 
imovablc piece, covering the back and sides, and was not divided by bands. Besides 
the defence which such a modification of the integuments would afford against the 
attacks of predatory aniniala, the armadilloB and glyptodona habitually frequenting 
the great forests of South America may havo been protected by the aame bard, arched 
coTering from falling timber. 

Such are Eoms of the instances of the gtructure and uses of the dennoskeleton in 
e vertebrate province. The development of this system of the skeleton is not 
dependent on the grade of organization, for we find it in the highest and in t^ loweat 
classes ; nor does a great amount of osseous matter in the skin necessarily involve a 
small amount or absenoe of the same matter in the deeper-seated Gkeleton ; for all the 
parts of this system of bones, a, r, li, m, m, are as well developed and as well oasified in 
die armadillas as in the quadrupeds which are covered by hair. The diSfccent states of 
the nenroskeleton in the sturgeon and armadillo ore explicable only vilk reference (a 
the different media and other conditions under which the tiro vortebratfs were destined 

In no species and in no system of the skeleton are bones a ptimary formation of the 
mal; they are the result of tranimulationa of pre-existing tissnes, as substances 
composing animal bodies — e.g., nerve, muscle, membrane, &c. — ore called. The inorganio 
salts, defined in the tabular view of the composition of bone, pre-eiist in the blood, in 
the albumen of the egg of tho oviparous vertebrates, and in the ni'lli which nourishes 
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Snnncs? — lotnctunos asBimii-s a mombrBiiaua or ligBmenlDua Etate, aomctimeB a gibU^r 
gtato, bofore ita GOnveraion into bone. Its aaBUDiption of tha griBtly etsta is ntlended 
bj Iho appoarmice in it of numerous minate nucleBted cells. Aa tie gristlo or " i 
liifl^" biutlGDB, thoso coUfl increBso iu nniaiber and size^ and ore aggregated in mw 
dio port where osaification is about to bogin. These rows, in the CBitJaginonB basi! of 
long boDBB, are Tortical to its cnda— in that of flat bones ttey are vertical to Iho peripheml 
edge. The nncleatt^d eclls ars the inatrumenta by wbioh the earthy particloa are arran 
in order ; and in bone, as in tooth, there may be discamed, in thia prcdetennined 
itrangament, the same relation to the aoquiaition of strength and power of reaiBtaj 
with tie greatest economy of the building material, as in tlia diaposition of the bourns 
ind columna of a worl; of human architectu re. 

Osteino, so formed, is arrongiid in thin platoa, concentrically around the Yascular 
cimnJB, around the entire circumferenoo of tlie long bones, and in interru])tcd plates, 

snecting together the walls of the fascnlar caoala, so as often to give rise to a reti 
lai dispoailion of tbo bony substanou, 

Jn lishea the bones continue ta grow lirDughont life, and their ])eriphery, whether 

n tbo flat bones of the head which overbp cacli other, or the thicker bonea that in1 

luck, in cutUaginouB or memhraooiu, and tbo sQat of progressive ossification. The long 

i;» of moat reptiles retain a Inyor of ossifying f artilngo benentli the Icrmijial articular 

earlilage ; and growth contlnnea at their eitremiliea while life endures. Some of tbo 

long bones in frogs, birds, and most of tioao in mammals, have their ends distinct from 

(be body or shall of the growing bone, these separately ossiSed ends being termed 

" epiphysoa :" the seat ot the ootive growth, of the shaft is in a oartilaginoua crnst at the 

ends supporting the epiphyses ; when these coalesce with the shaft, growth in the diret^ 

in of the bones' ana cornea to an end ; hut tiera ia a slower growth going on oyer 

9 entire peripliery of &e bone, whith is covered by a membrane, called the "perios- 

un," In this mmubrano, the vasculu eysl«ni of a bone, except the vessel supplying 

the marrow-cavity, undergoes the amount of subdivision wMch tvdocca ita capillarioa 

lo dimensions suited for pcoetratin^ the pores leading to tiie vascular canals. 

Thus bono ia a living and a vascular part, growing by internal molecular addition 
and change, and having the power of repairing fracture or olhar injury. The ahi'Us 
crusts of molluiicous and eruataceoua luiimals arc unvasoolor; they grow by the 
addition of layers to thinr circumference, may bo cost off when too amall for the growing 
body, and be reproduced of a more conformable size. When fractured, the broken parts 
may be comcnted tugtthor by newly superadded ihell-aubtitauce from without ; but are 
Dt unitable by the action of the fractured rurfaoes from within. 
Eilension of ports, however, is not the sole procuss vhioh takes pIsFS in tho growth 
of bone , to adapt a bono to ita destined oflice changes are wi'ought in it bj the 
removal of parts previously formed. In Eshea, indeed, we obiorve a simple unmodifltd 
ease. To whatever extent tJio bono is oaaiiied, that part remains, and consequently 
most of the bones of fishes are solid or spongy in their interior, oieopt where the ossi- 
flention has been restricted to the surface of the primary gristly mould. The bones of 
the heavy and sluggish turtles and sloths, of the seals, and of the whale-tnbe, ore solid. ' 
But in tbo aotive land quadrupeds, the ahatb of thu Long bones of the limbs is holloWj 
the first formed osseous substance being absorbed, as new bone is being deposited from 
lout. Tbo BtrBQgth and lightness of thu limb-bonea are thus increased after the well- 
known principlu ot the hollow column, which Galileo, by means of a straw picked up 
from Lia prison floor, cxumpIifidH, in refutation of a chargo of Atheism brought againA 
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him by tha InquiHition. The bones of birda, PspaoiaJly thiisa of powerful fliglit, Bra 
rstnarkablo for tbeir lightnoBB. The oseeinistiHaiieitiielfia, indeed, more compact than in 
other aniniiilB ; bnt its giumtity in any given bone is much less, the moat adioirable 
economy being traoeabk throughout the ekeleton of birds, in the adrantageouH anasge- 
mcnt of the weighty matarial Thus, in the long bonea, tbo CBTiliea ituaJogoua to those 
tidlud "medullary" inbettsU, lire more capacious, and their walls are muoii tMnner; a 
Targe aperture, called the " pneumatic foramen," near one end of the bone, commoni'- 
Gates n-itb its interior, and ati air-cell, or prolongatioa of tbs lung, ia continued into 
and liuBB the cavity of the bone, which ia tb.us Qlled witb rarefied air instead of nuuTOW. 
The eitremities of such air-bonca present a light open net-work, slender columns thoot- 
ing ocniaa in different dircctiDna &am wall to wall, and these little columns ore likewise 
hollow. 

The onormoua beak of the bombiU, which aeema at Srat aigbt to constitute so grOTB 
an impediment to flight, forms one enormous air-cell, with very thin bony walla ; and 
in Hat bird, ia the swifts, and tbe humming-birds, every bone of the skeleton, down to 
the last joints of the toes, is permeated by hot lur. The opposite ei^remo to the above 
members of the feathered class is met witli in the terrf stiial apteryz (wingless bird of 
New Zealand), and in the oquatle penguin; in both of which, not any bone of the skele- 
ton receives air. Intermediate gradations ia the extent to which the skelel^in is per- 
meated by air occur in different birds, and in relative proportion to their different kinds 
and power of Qight. 

In the nmniimliiiTi class, the air-cells of bone are confined to l^e head, und are 
filled from the cavities of the nose or ear, not from the lungs. Such cells are called 
" frontal sinuses," "antrum," "sphenoidal" And *^ ethmoidal sinuses" In man. The 
frontal sinuses extend boctwarda over the top of the akuU in the ruminant and some 
other quadropods, and penetrate tha cores of the horns in oien, sheep, and a few 
antolopcs. The most remarkable development of air-cells in the mammalian class ia 
prescnlad by the elephant; tie intaUectual physiognomy of this huge quadruped being 
caused, as in the owl, not by the actual capacity of the brain-oase, but by the enormous 
eitent of the pnonmatio cellular structure between the outer and inner plates of the 
skull-waUa. 

In all theso varied modifications of the osaeoua tjasuo, the cavitjea therein, whether 
mere cancplli, or small medullary cavities as in tha crocodile, or large medullary 
cavities as in the ox, or pneuioatic cavities and sinuses as in the owl, are the result of 
secondary changes by absorption, and not of the primitive constitution of tha bones. 
These ara solid at their commencement in all classes, and the Tsjmities arc established 
by tha removal of oeeoous matter previously formed, iriiilit inore«fle proceeds by fresh 
bona being added to the exterior surface. The thinnest^wallcd and widest air-bone of 
the bird of flight was first solid, next a marrow bune, and finally became the case of on 
air-cell. The solid bones of the penguin, and the medullary femur of apteryi, 
pliff airestod stages of that course of development through which the pneumatic wing- 
bans of the soaring eagle had previously passed. 

But these mechanical modiflcationa do not exhaust all the chaJigfla through which 
the parts of a skeleton, ultimately becoming bone, have passed ; they have been pre- 
viously of a fibrous or of a cartJlagiiuius tissue, or both. Entire skeletons, and parte of 
skeletons, of vertebrate animals eihibit atresta of these early stages of development ; and 
this quite irrespective of the grade of the entire animal in the zoological scale. The 
capsule of the eye-ball, for eiample, in man, ia a flhroua membrane ; in the turtle, it is 
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giiatle ; is the cuaay, and moal othor fiahcs, iC ia boiie. The sketetal frmnoirork of 
the littJo lancelet-Qsli {Branelaatlonvii doca not ga beyond the fibraiu stage of tbsue- 
changG.* In Uio sturgeDn, glule, and ihark, it etops at tbe grutlf atnge, snd hcDua 
thcBC fishes are caUed " uartilagumiia." In moat fishes, and all air-breathmg Tette- 
bmt™, it proceedfl to the bcmy Btags, with the aubaequent modiflcationB end dcrelop- 
numts above recited. 

Tho main part of the sioleton — irLat may be tormed the akGloton prijper — conaiata 
of the neuroskeleton ; and it ia in the consEruotion of this aystem that the most interest- 
ing uid beautiful eridenoes of unity of plan, aa veil as of aiiaptation to end, bare 
been diKwmed. The porta of (he nenroakctetcm are arranged in a aeries of segments, 
follomng and artieuUting with eauh othor, in the direction of the niia of the body, &om 
cfore backwards in brutes, &om above downwards in nmn. 
Each complete oegmimt, caUed " yortebra," conaids of a series of ossgodb jaecea, 
■mtnged according to one and the samo plan (Pig, S), 
*lg- ^ via., so aa to form a bony hoop, or arch, aboro a central 

■ri i piece, for the protection of a aegment of the nervous axis, 

^^^^^ and a bony hoop, or arch, beneath the central piece, 

^W for the protection of a segment of the Tasoular sys- 
\ tern. The upper hoop is called the neural areb, N (Or. 
„ \t "f"'™, nerve) ; the lower one, the "baaniBl arch," H (Gr. 

J /lofuia, blond) 1 thsir common centre is termed the "cen- 
" trum," (Gr. kattrnn, centre). The nenral arch is formed 
by a piur of bones, called "noumpophyBea," b« (Gr. for 
nerve and apophysis, a projecting part or process) ; and by 
a bono, sometLmea elefl or bifid, called the " neural spine," 
m I it also sumetimea includes a pair of bones, called 
" diapophyaBa," d d (Gr. dia, across, or tranavorao, and 
apopbysia). The bKmal arch ia formed by a pair of bones 
. called " pleurapophyaEa," p/ (Or. pisuron, rib, and apophy- 
.a) ; by a second pair, called " hmmapophysea," h (Gr. 
It blood, and apophysis) ; and by a banc, sometimes bifid, 
called the " hgemal apine," Ju. It also sometimes includes 
porta, or bones, called '^ parapophyaea" (Gr. para, tnms- 
Tcrao, and apophysis). Bonea, moreover, are develnpcd, 
which divoi^ aa raya, from one or mora parts of a vertebra. 
The paita of a vertubra which ore developed from 
Ecation are called " autogenoug ;" those parts that grow out 
a previously oeaified parts ore called " eiogenoua ;" the autogenous ports of a 
vertebra are ita " elements," the eiogenoua parts its "piooeasas." No part, however, 
is absolutely autogenous throughout the vertebrate aeiiea, and some that are exogenous 
in moat me Bulogenous in a few instances. The line cannot be strictly drawn ; and, 
in classifying tbo parts of a vertebra, as of other parts of animals, or of entire unimn la^ 
the lyatematist must be guided by general rules, to which there will eTcr be some 

The elements, or autogenous parts, of a vertebra are the centruni, ;, the neurgpo- 
■1 nmlrndiBtiiiKui'lied from that uf liie ■ndrhipe—li now termed "Blstoloe;," tram the Gi 




1 
I 



indepondeut o< 



TYPICAL BEGMENia, OE VERTEBB-K, 



169 



pliysos, », tlia nonral spine, w, tlio pleurapopliTaes, pi, \he TuEmapophyaea, h, and. the 
haimal spine, hi. The exageaoos parts are the dlapophyaia (Pig. S], d, the parapophy- 
ia (li.) p, the zygapophysis (Fig. 6), i (6r. atjos, junction, and upophysis), flie 
aapapbyEis (Fig. !), a (Gr. ant, backwards, and apopliyais), the nietapephysis (ii.), m 
(Gr. meia, between, and apophysia), the hypapophysia (Fig, 5), y (Gc. hypa, below, 
and apophysis), and the epapophysis (Fig. 4), e (Gr. epi, above, and apophysis). Of 
the autogGOOUS parta, the neural spine ia most commonly eiogcnoue ; of the ex- 
ogenoua parU, the paiapophysea, diapophysea, and bypapophy^s aje aometimca 

Verlohrffl arc subjoct to many and great modiflcationa— s. g,, aa io the number of tho 
nenta retained in their compositioQ, aa to the form and proportion of tbo elements, 
even aa to the relative position of the elomonts ; but the latter modification is never 
led to such a degree as to obsciira the general pattern or type of the segment. 




imetimes, aa in tiie example (Fig. 4) of the third acgment of the human 
skeleton, the neural arah, N, ia much expanded, the hiemal one, H, is contcacted ; and, 
a the Bipandod neural arch, the autogenous diapophyaes, dd,Bia wedged between the 
nearapopbysea, n, and the enormously eipandod neural apino, m. More commonly, 
a tho example &om the raven's thorax (Fig. 6), the hffimal arcb, H, ia much 
expanded, the neural one, N, contracted ; and in the expanded hsmal arch, the para- 
pophysia, p, here exogenous, ia wedged botwocn the centrum, C, and the plcurflpophyais, 
"mes, again, aa is exemplified in the tail of the crocodile and of many other 
animals, both neuial and hsmal arches are alike contracted ; tbe pleurapophysos, j^ 
b«ing excluded from the latter, and atanding out aa continoatiDnB of the conlluBnt 
diapophysea, d, and parapophysea, p. Such VDrtebne deviate but tittle from the ideal 
type of l^ie vertebra, under its leaa developed condition, as in Fig. 0. Tho segments 
nonly simpMed and made amaltcr aa they approach the end of tho vertebral 
IT axis, one element oi process altar auothei ia removed, until llio vertebra 
reduoed to its centrum, as in the subjoined diagram (Fig, 7), of the archetype ' 
rat« skeleton. In tJiis scheme, which gives a eide view of the 
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vertebno, the nature of tlie prinnipal mndifieii- 
tions to whith they me sutject are indicuted, at 
tliB twu extnimca of the series. 

As tha four anterioc divisioiis of the great 
trunk of the nervous system aie called, coUec- 
tiTely, "brain," so tlia four eonesponding aeg- 
ments of the oasooue eyalem Hre called " skulL" 
The head, therefore, is not otherwise a repoli- 
tian of &.e trunl, than in so far as each, seg- 
ment of the akull is a repetition or "horootjpe" 
of erary other aegmcnt of tho body ; each teing 
subject to modiflcBlioiis which may give it 
an indiTidual character, withoat obliterating 
its topical features. So neither are lie " arms" 
and " logs" repeated in the head in any other 
sense than as the cranial vertebne may rebuD 
then; " diverging appendages," 23,37,41,63,1. 
The fore-limbg aro actunllir such anieDd.agcs, 
fiS, of the oecipitol vertebra, 1, 3, 2, 61, 62, 5d, 
which appendages undergo modi&jations dosely 
analogous to those of the appendages of the pel- 
vie segment, or " hind limbs," 06. And inasmuch 
OS in one doaa the pelvic appendages, with their 
supporting hamal arch, GS, As, are detached 
from the rest of tJieir segment, and su.bjeet 
to changes of position (Fig. 9), 63, 89 ; so also 
in other classes the appendages of the occipital 
segment are liable tn be detnehed, with their 
BQstainiDg Timmiil arch, and to be transported to 
various distances from their proper centrum 
and Doural arch, aa in Fig. 21, Nob. fil, S3, 57. 

The four anterior neurapophyeea, H, 10, B, 
2, give issue ta the nerves, tha tenninal luodi- 
lieations of which conatitute llie organs of special 



The first or foremost of these is the orgau 
of smell, 19, always situated immediately in 
advance of its proper segment, which becomes 
variously and extensively modiflsd lo inclose 
and protect it. 

The second is the organ of eight, 17, lodged 
in a cavity or " orbit" between its own ami the 
nasal segment, but here indicated above that 
interspace. 

The third is the organ of taste, the nerve 
of whieh perforates tha neurapophyais, 6, of 
its proper segment, called "parietal ver- 
tebra," or passes by a notch between this and Fig. 
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the neurapophysisy 10, of the frontal vertebra, to expand in the organ, which is always 
lodged below, in the cavity called ^* mouth,'' and is supported by the hsemal spine, 
41, Ji8, of its own vertebra. 

The fourth is the organ of hearing, 16, indicated above the interspace between the 
neurapophysis of its own (occipital) and that of the antecedent (parietal) vertebra, in 
which it is always lodged ; the surrounding vertebral elements being modified to form 
the cavity for its reception, which is called " otocrane." The jaws are the modified 
hsemal arches of the first two segments. 

The mouth opens at the interspace between these haemal arches ; the position of the 
vent varies (in fishes), but always opens behind the pelvic arch, S, 62, 63, j?, when this 
is ossified. 

Outlines of the chief developments of the dermoskeleton, in different vertebrates, 
which are usually more or less ossified, are added to the neuroskeletal archetype ; as, 
e. g., the median horn supported by the nasal spine, 15, in the rhinoceros ; the pair of 
lateral horns developed from the frontal spine, 11, in most ruminants; the median 
folds, Di, Dii, above the neural spines, one or more in nimiber, constituting the 
" dorsal" fin or fins in fishes and cetaceans, and the dorsal hump or humps in the 
buffaloes and camels ; similar folds are sometimes developed at the end of the tail, 
forming a " caudal" fin, C, and beneath the hsemal spines, constituting the " anal" fin 
or fins, A, of fishes. 

The different elements of the primary segments are distinguished by pecvUar 
markings: — 

The neurapophyses by diagonal lines, thus — ///// 
The diapophyses by vertical lines — 



The parapophyses by horizontal lines — : 




The centrum by decussating horizontal and vertical Hues — 

The pleurapophyses by diagonal lines — wO\ 

The appendages by dots — * .' .' .* \ 

The neural spines and haemal spines are left blank. 

In certain segments the elements are also specified by the initials of their names :—* 
ns is the neural spine. 
n is the neurapophysis. 
pi is the pleurapophysis. 
c is the centrum. 
A is the hsemapophysis, also indicated by the Nos. 21, 29, 

44, 52, 58, 63, 64. 
hs is the haemal spine. 
a is the appendage. 

The centrum is the most constant vertebral element as to its existence, but not as to 
its ossification. There are some living fishes, and formerly there were many, now 
extinct, in which, whilst the peripheral elements of the vertebra become ossified, the 
central one remains unossified ; and here a few words are requisite as to the develop- 
ment of vertebrae. 
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The oential baiiia of the neuroakdeton is laid down in tliti embryo of Dvery Tcrtebrate 
n ijn Bli B3 a more or leas cylindrical fibrous shcatti, filled with simple ceils containing 
jelly. This fibro-celliUo-gelatinaua oulumu is called " notochord," Fig. 1, eh (Gr. fw 
bank; dordn, cordi in Latin, " chorda daraalis"). The centrums, or "bodies of (he 
Tertebrx," as anthropotomhts call them, are devdopod in and from the nntorhord. The 
bases of the other elements of the vertebra, are laid down in fibrous bands, diverging 
from the nofocliord, and giving the first indication of the segmentfll characler of the 
skelEEon. At thin stage the skeleton of the little fish called "lancelet" t_Jmplii»i 
laHeivlalm) is nrrcElad. These fibrous banila are neiLt converted into cartilage, and the 
<:aitilage is in definite piecea in each segment, recognisable as " ncurapophyses" (Fig, 1), 
" pleurnpophyBes" ('*•), jiJ; " neural spine" (ii.), ns — the ocntnima still remaining in 
their primitive state as the undivided notocbord (iJ.), eh. At Ihia stage the skeleton of 
the sturgeon is arrested. The peripheral elements may be converted into bone, the 
oentTBl ones remaining as nobxJiord, as in the protopterus, the lepidosircn, and many 
fosdl fishes. But, more commonly, the next stage is the subdivision of the notochord 
into a series of separate <ientTunis, corresponding with the pairs of neurapopbysca and 
pleurapophyses — ossification of all the parts being more or leas imperfoet, aa in the 
iharlcs and rays, whiuh have thence been called "cartilaginous fishes." V/licn tho 
parts of the vertobrm have become more completely esaificd, as 
^•^- in the fishes called " osseous," oaaifieation is rarely ao advanced 

as in the higher vertebrata. In moat of these fishes, (. y., a 
deep cavity is left at each end of the centrum (Fig. S), ce, 
which cavity continues to be occupied by tho liquefied gelali- 
ts remains of the primitive notochord ; and the ehaiaeter 
istic of Bui^ element in a fish's skeleton is, that it is 
" biconcave." Ot the minor amount of tho earthy matter in 
the ossified parts of the skeleton of flohes, mention has I een 
Bsm—raB. already made ; and the consequent greater flenhilily and 
elasticity of Buuh bmiea may tie readily tested by whoever 
will bend one of the long spines in the skeleton of a cod or turbot, and contrast its 
flexibility with that of the similarly-shaped long and elender bone {pu&i'i, at fibula, e.g.), 
'hieb he may find iu the Christmas turkey that follows in the feast. 
Two or more ooatiguous vertabrm are frequently subjected to the same kind ot 
modification, either by way of excess or defect, and snob groups of modified eegmenla 
have received special names ; such, for ciample, aa "skull" {cmuium), "neck" (wretr), 
"cheat" {thorax), "pelvis," and "toU" (cawii} ; and these terms are reciprocally 
applied, when modi£ed as adjectivca, to tlie individual vert^bne so grouped together, 
and which are called " cranial vertebna," "cervical vertebrte," " dorsal" or "thoracio 
Vertebne," " sacral" or " pelvic vertebrffi," and " caudal vertebne." 

Skeleton of the ristl.— In all fishea the extent of oaaifieation is less than in 
the higher vortcbrato clnases. Only in the akull do we find all tho elements ot the 
typical segment rapreseuted by bone, In tho trunk, t. g., the hfemapophyses and 
hiemal spines never advance beyond the fibrous alage of tissue development, 

I segments enter into the composition of the skull of fishes, auEweriog to tho 
first four in the arohetjqie (Fig. 7), and they combine to constitute ths bony framework 
of a head, larger in proportion to tho trunk than in any other class of animals. Tlie skull 
{Fig, B), 3, 52, br, forma a oone, whose base is vcrtiua!, directed backwards, and joined 
tho tronk without an intervening neck, and whose sides are commonly lliree ii 
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number, one miporior, and two lateral and inferior. The cono is shorter or longer, 
more or loaa comprcaaed or Equeeied from Bide to aide, more or leas depressed or flat- 
tencd (Com abore dowawiuds, with a, sharper or bluab^r apex, in different epeeies 
of Sshea. Tbo ba£o of the skull is perforated by the hole, called " foramen magnum," 
for the Diit of the apinal marrow ; the spox ia more or leae widely and deeply 
cleft tranavciHuly hj tho apertiiio of the moath ; the eye-sookets or " orbits," ar, are 
lateral, large, and iibiibII; with a free and wide intercommunication in the skeleton ; 
the two vertical flaaurEs behind are called " gill-slits," or branchial or opercular aper- 
turea, and thera ia a mEcbaniem, like a door, 31, 3S, 36, for opening and closing them. 
The mouth rEcKirea not only the food, but also tbe streams of water for rcBpiration 
(indicated by the arrow, br)^ which escape by tbe gill-slits. The bead eontaina not only 
tho brain and organs of atnse, but likewise tbe heart and breathing organs. Tho inferior 
or ^* hEBmol" orcboa arc ^eatly devi^loped a.ccordiiigly, and tbeir diyerging appendagoa 
supportmembroncs that can act upon the surrounding 3uid, and are more or Less empbiyod 
n locomotion ; quo pair of tbeae appeudagea, P, 67, answers, in fact, to the fore-limba 
1 higher animals, and tbcir sustaining arch, 51, 62, iu many fiabes, alAO supports the 
homologuca of tba hind-limba, V, Q9. Thus brain and aonas'organs, jaws and tongue, 
bcart and gills, arma and loga, may all belong to the head ; and tho disproportionate 
iizH of tbe akull, and its lirm attacbmeat to the trunk, rajuired by these functions, ace 
preciaoly the conditiona moat faTourablo for facilitating tbe courao of tho flab through its 
aatiTO clement. 

It may well bfl conceiTed, then, that more bonca enter into the formation of the 
I Trull in fishes thaa in any other animals ; and the compoaitiou of this akull has been 
rightly deemed the most difficult problem in ComporatiTe Anatomy. "It is truly 
remarkable," writes the gifted Ofeen, to whom we owe the first due to its solution, 
" what it costs to solve any one problem in Pbiloaopbical Anatomy. Without knowing 
tho wAal, the ioio, and the loSy, one may stood, not for boura or days, but weets, before 
1 fiah's akull, and o\a contemplation will be little mure ttian b vacant stare at iCa 
complex stalactitic form." 

To show lehat the bones are that enter into the composition of tho akull of the fish ; 
otc, or according to what law, they are thoro arranged ; and tcAji, or to what end, they 
re modified, so as to deviato from that law or archetype, will neit bo our aim. 
These points, rightly underatood, yield the key to the compoaitiou of the akuU in aU 
Tertebrata, and tbcy cannot be omitted without detriment to the main end of the moat 
olemi'ntary eaaay on the Bkelelons of animals. The eomprobEnsion of the description 
will he facilitated by reference to Figs. 7 and 9 ; and still more if the reader have at 
and the skull of any largo Hah, 
In tho cod (Gadui morrAua •), e. j., it may be observed, in the first place, that most 
of tha aones are, more or less, like large scales ; have what, in snatoiuy, ia colled tbe 
[uamous" character and mode of union, being flattened, thinned off at the edge, and 
flapping one auDthcr ; and one sees that, though the skull, aa a whole, has less free- 
dom of movement on the trunk, mure of the eomponent bones enjoy independent move- 
its. Before we proceed to poll apart the bones, it may bo well to remark, that the 
principal cavities, formnd by their co-adaptation, are the " cranium," lodging the braia 
and the organs of bearing; the " orbital," Fig 6, or, and tba "nasal," nl, chombeis ; 
the buccal and brsochial conala, ir. Some of these uavitiea are not well defined. The 
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f xteriar of the BkaH is tmvcrsed lij flye lomgitudiiui] creals, 
n-Uoh lodge the1)e|pmiings of tho 
great mtiscloa of ^e upper half 
of tlie tnmk. Tho mediim crest 
is developed to ui oxtreme height 
in Home fishes, aa, r. g., the dol- 
phin and light -hotsBm&n fiah 
{Bphippui). Tha flat-Oihes (tur- 
hot, eole, &cO a^ remsrkable for 
the UQsytiimclriosl character tjf 
the Bkull, in conxcqucnce of both 
cjni being pluiod on one side of 
the head. 

In Iho annlyaia of the ood'a 
skull it ia best to htgia at the 
back part ; foe tho segments of 
the skeleton dBriato most from 
the archetype as they recede in 
position towards the two Fxtremes 
of the body. After a little prso- 
tice one succeeds in detaching Iho 
bones which forra the back port 
or baae of tho conical skull, and 
which immediately precede and 
join those of the tnmk ; we thus 
obtain ft "segment" or "rcrto- 
bra" of tho skull. If wb next 
proceed to Ecpamte a little the 
bones composing this segment, 
wo find thoEB that were most 
closely iaterioekEd to bo in num- 
ber and aiTBiigement aa fol- 
lows: — Two mnglo and symnic- 
trical bones, and two pairs of 
u&synunetrical bones, fommtg a 
oirule; or, iftholowarBjuimotri- 
ca] bone, which is the lai^eet, 
be regaided aa tbe base, the other 
five form an arch supported by it, 
ofwMcb the upper tynunebicnl 
bona ii the key-stone." This 
answora to the "neural" arch of 
tho typical Tertebra : tlo base- 
bono IH the " t^ntrnin," e ; the 
pair of boocs, which articuhitid 
with its upper surfaEo and pro- 
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Woted the Hnd diTieion of the brain, fonn. the " nemnpopbjBes," b; thH amaller 
pair of bones, projecting outwerds, like Iranaverae prooeEues, are Iho "diapophy- 
" d; the symmetrical bone completing the arch, and tenninsting abavo in a, long 
crest or spine, is the " neural Bpine," ni. It will be observed that the centnun is con- 
e at tbot surface which articultttcs with tho centrani of the flrat vertebra of the 
trunk ; the opposite surface is alaa concise, but eipanded and very irregular, in order 
to effect a much fltmer union with tlie controm of tbe next cnintal segment in advan 
— great strength and fixity being required in tbis part of the skeleton, inatead of the 
mobility and elasticity which is needed in the vertobrol column of the trunk. It ma] 
also observed that the " neurapophysea" are pErforated, like moat of those in tbc trunk, 
for tho passage (^ nerves ; that the diapophyses give attiiDbment to the bones vvbich la 
the great inferior or hEemal arch ; and that the neural spijie retains much of the shape 
of tho parta ao called in the trunk. Nevertheless, the elements of tho neural arch of 
this hindmost segment of the akull have undergone so much development and modifloo- 
^ion of shape, that tbey have received gpecixl names, and have been ecnmerated aa 
to many distinct and particular bones. Tbe centrmn. No, 1, is called " boEioccipital ;" 
the neurapopbyses, No, 2, " eiocoipitala ;" the neural spine, No. 3, " auperoccipilal ;" 
tiie diapophyses. No, i, " paroccipitals," In the human skeleton all those ports are 
blended together into a moas, which is called the " occipital bone," 

Tbe endio segment, here disarticulated, in the eod-fiah, is called the "occipital ver- 
tebra," and in it we have next to notice the widely-expanded inferior or hecmal arch. 
This consists of three pairs of bones. The fliat pair me bifurcate, and have two pointa 
of attachment to the neural arch, the lower pro-ng, answering to what is called the "bead' 
of tho rib," abutting upon the neurapophyais ; the upper prong, answering to tl 
'* tubercle of the rib," articulating to (he diapophysis. The second pair of bones r. 
long and slender, and represent tbe body of the rib. The &rat and aecond piece together 
answer to the element called " plsurapophyaia ;" the third pair of hones ore the " hsu 
pophysea;" these support diver^ng appendogca conaiating of many bonea and ra 
The special names of the above elements of the hsmal arch of the occipital vertebra 
?, from above downwards, " suprascapula," No, fiO ; " acapula," No. 61 ; " coracoi 
1. 52, The inverted arch, so formed, encompasses, aupporta, and protecta the heart 
centre of tho luemal system i it is called the " Hcapular arch.'* There are animals — 
tho gymnotharaa and slow-worm, «. ?,— in which this arch aapporta no appendage ; 
there are fishes — tbepmfoprerM*, e, p,. Fig, 32 — ia which it anpporta an appendage in the 
form of a aingle many-jointed ray, retnining the archetypal aharaoter, Pig, 7, No, 63. In 
othor fishes, the number of rays progressively increase, nntU, in those called " raya " 
par aalle»et, they exceed a hundred in number, and are of great length, forming tho 
chief and most conspicuous ports of the fisb. The more common coTidition of the 
appendago in quostioQ ia that eihibited in the speoies figured, Cut 9. So developed, it 
ii called in Ichthyology the "pectoral fin:" otherwise and variously roodifled in higher 
onimala, the same part becomes a fore-leg, a wing, an arm, and hand. Some of the 
special names, originally applied to the ports of the scapular appendage in man. are 
retained and app]ied to Vika parts in tbe pect^iral fin of the fish. Of tbe two flat hones 
coimocting the fin with tbe coracoid, tbe uppcjr one is the " ulna," No, 54 ; the lower 
10 the " radios," No. 55 i thcrowof abort boaoa joined with these are the "oarpaU," 
No, 66 ; the longer and more slender many-Jointed raya answer to the porta callud 
" metacarpals" and "phalanges" in tho human hand. In the salmon there is a bone 
onawering to the orm-bone or hniaerus, which ia articulated to the middle of tho back 
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part of the coracoid by a truuvcrsely elongated cxtreiniCy. It ia &Ud oiponded st the 
diaCal ond, whcro it Brticulatue l^y CBTtilnge vitli tbe ulna imd radius. The ulna ia i 
circular plate of bone perforated in the centre, and, besides its articuIatiDii nitb the 
srus, the radius, and the uliuir carpals and metacarpal ray, it.alao directly jail 
broad coraceid. The radius, after cipandLog to unite vith the humerus, the iilTm , uid 
the radial carpals, sends a long and broad pi'oceaa downn^arda and inn-arda, which is 
united by ligament with its fellov and with the lower termination of the eoracoid, 
A basis of adequate extent and firmne^ is thus insured for the support of the pectoral 
fins. The carpal bones of Iheae fins are four in number, progresaiTely increaBing ii 
lengtli from the ulnar to tho radial side of the wrist. The melacarpo-pbalBngial rays 
are Ihirtoen in number ; the uppennoet or ulnar one being the strongest, and attioulating 
direotly with the ulna. 

Proceeding to the neit Begment, in advance, in the cod-fiah'a fiull, we find that the 
bone which articulated with the centrum at the occipital segment is continued forward 
beneath a great proportion of the akull. In quadrupeds, howerer, the correaponding 
part of the base of the slcull ia occupied b^ two bones ; and if tho single long bone in 
the fish be aawn acrosa at the part where the natural suture ciista in the beast, wc 
have then little difficulty in disarticulating and bringing awaj' with it a Bciiea of bonsa 
aimilor in number and arrangement to those of the occipital segment. 

In the sktlctuns of most aninmla the centrums of two or more sogmcnl)) become, in 
certain pons of tho body, Donflucnt, or Ihcy may be connate ; thoy farm, in ikot, ona 
bone, like tiiat, e.g., which human anatomists call "sacrum." By the tcrm"con- 
' fluent" is meant tba cohesion or blendtng together of two bones which were ori- 
ginally separate ; by " connate," that the ossification of the common fibrous or 
cartilogiDDua bases of two bones proceeds £^m one point or centre, and so con- 
verts such boEes intu one bone, this ia the caae, e.g., in the radius and ulna of 
the frog, and in its tibia and fibula, In both instances they are to the eye a 
single bone; but the mind, transcendiog the eensus, recognises such single bono 
Its being cssentiBlly two. In like manner it recognises the " occipital bone" of man as 
essentially four hones ; but those have bocome 'Confluent," andwere not "connate." The 
centrums of the two middle scgmcutsW the fish's akull are connate, and tho little 
violence above recommended is requisite to detach the penultimate segment of the skull. 
When detached, the bones of it are seen to be so arranged as to form a neural and a 
hlemal arch. In the neural arch the centrum, neurapuphysca, diapophyscs, and neurid 
spine are distinct : moreover, the neural Hpine in tho ebd, and many other fishes, ia 
bifid, 01 split at the median line.* The centrum is palled " basisphenoid," fi'o. 6 ; 
the neuiapophyais, " allspbenoid," No, 6 ; the neural spioe, " parietal," No. 7 ; and the 
diapophysia, " mastoid," No. B. The alisphonoida protect the sides of the optic lobes, 
and the rest of the penultimale segment of the brain ; the mastoids project outwards 
and bockworda as strong tmnsvcise processes, and give attachment to the piers of the 
great inverted bivmal arch, Sufore notiuing the stnieture of this, I may remark that, 
in the recent cod-fish, tho ease, partly gristly, partly bony, which oontaina the oigan of 
bearing, ia wedged in betweeu the lost and pcnultjinate neural arches of the skull. The 
extent to which the car-case is ossified varies in difieront fishes, but the bone is always 
developed in the outer wall of the case. In the cod-Ssh it ia unusually large, and is 
called "petrosal," Sa. 16; it forms no part of the segmented neuroslteleton. In the 
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oi^bh which, it coatrifautcs to inclose, them b a bod;f aa hud b£ shell, like half a split 
olmond : it is the " otoatcal," No. 16, or proper ear-bono. 

The hasmol arch cooaisls of a pleiinpaphysis and a hioitiapophjEis on GBch Bide, and 
a hiemal spine ; hut all these elementa are aufadivided, the plmiTapophysis into two 
parts, the upper ono called " Gpitympanlc," 2S, a (common to thie and t^io next arch in 
advance) ; tho lower one " Btylohyol," No. 38. The hiemapophyaia ia a broader, alightly 
arched bone; (he upper divisian is called "oplbjial," No. 39; the lower division, 
" tcrotohyal," No, <0. Tho hasmal spine ia aubdivided into four atmnpy bones, caUed 
collecciTely " basitj-Dl," No. 11 ; and whiuh, in most fishes, eupport a bone directed 
forwards, enteriagthe aubstancc of the tongue, called "gloaaohyal," No. 42 ; and another 
bone directed baclcwards, called " urohjal," No. 43. 

The ceralohjol part of tho hicmapophjaia aupports, in the cod, seven long and 
slesder bent bones, called " branchiaategal rays," 44. The numbor of these raya diffixB 
greatly in different fishes : the proleplsna has but one ray, the bleun; has two rays, 
tho carp throe rays, — a very common numhor is acvoD ; but the dopa has thirty bran- 
diioBtegal raya. They arc of great length in the angler-fish (hphiiia), in whieh they 

re to support a meotbraiie, developed to form a large receptacle on each aide of tho 
head of this aingular fish ; into those Tcceptaclos, the small fishes are tranafened, which 
the angler attracts vithin reach of ita mouth, by tho movable rod, line, and bait 
Sttochod to tho top of ita enormous head. In ordinary fishes, the branchiostcgal rays 
support a membrane which helps to close tho gill-slit, and by its movcmoats contri- 
butes to tho dircotion of the branchial ciun^nts. It is an appendage, or rudimcntal limb, 
answering to the pectoral fin diverging from the hmmal arch, in the adjoining occipital 
segment. 

The penultimate aegment of the skull obove dcaorilied is called the " parietal ver- 
tebra i" and lie hiEmal areh ia called the "hyoidean arch," in referenoe to its support- 
ing and subeerviog the movements of the Ijmgue. 

Tho next B^nient, or the second of the skull, counting backwards, can be detached 
from the &remoat segment without dividing any bone. It ia tiien seen to consist, lite 
tho thiid and fourth segments, of two arches and a oommon centre ; but the constituent 
bonea have been subject to more eiticme modificationa. The centrum, called " pre- 
' onoid," Ho. 8, ia prodacod far forwards, slightly eipanding ; (he nenrapophyses, 
called " orbitosphenoids," No. 10, are small semioval plates, protecting the aidcB of the 
cerebrum; the neural spine, or key-hone of the arob, called "fiontal," No. 11, is enor- 
mously expanded, but in the cod and most fishes is single ; the diapophyscs, called 
" post-frontals," No, 12, project outwards from the hinder angles of the ftontal, and 
giva attachment ID tho piers of the inverted htemal »jch. The flrat bone of this 

1 ia common ia Sshea to it and to that of the last described vertebra, being tho bone 
called " cpitympanic," No. 2S (Fig. 9); tliii modification is called for by the necessity 

onsentaneouB movements of the two inverted arches, in comiection with the degluti- 
tion and course of the streams of water required for the branchial reapinition. The 
hffimal arch of the present segment — enormonsly doveloi>ed — is plainly divided primarily 
m each side into a pleurapophysis and hiemapophysis ; for these elements are joined 
together by a movable artiealatioo, whilst the bones into which tliey are subdivided 
are luturally interlocked together. The plcurapophysia ia bo subdivided into four 

ioa ; the upper one, articulating with the post-frontal and raastoid— the diapophysea 
of the two middle segmcnis of the skull — ia called " epityropanic," No. 28, a ; the liind- 

it of tho two middle pieces is the " mesotympanie," No. 28, i ; tie. fcpssisa*, rfl. "iiisi 
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tra middle piecaa ia tho " pretympanic," No. 28, s ; the Iqwer pieoa is tho hypolyin- 
psnio, No, 28, d; this prtsenta a joint-eiiriBce, convei in one wi 
other, called b, " ginglymoid condyle," tor the hjamapophyaiB, or lower diviaion of thi 
aroli. In moat air-breathing Tertobratea — the serpent, Cut 10, c j. — tho pleurapophyfiig 
Tesomcsils oormal simplicity, and is a single bono, 2S, which is called the "tympanic;" 
in the ed-tribo it ia in two pieces. The greater subdivision, in more actively breathing 
fishes, of the tympanic pedicle, gives it additional elasticity, and by their overlapping, 
iaterlcxJdng junction, greater resistance against frooture ; and these qualities seem to 
have been required in oonaeqaenoe of the preaence of a eomploi and largely-developed 
diverging appendage, vMoh forms the ^amevcrk of the priuoipal flap or door, eallod 
" nperculum," that opens and closes tlw branchial fissure on each side. The appendage 
in qu«stioii conaists of four bones; the one articulated to the tympanic pcdiclo is called 
" preopeceular," Ko. 31 ; the other three are, counting downwards, the " opercular," 
Ifo. 35; the "subopercular," No. 36; the "interoperculai,'' No. 37. The hEsmapophysia 
is subdivided into two, three, or more pieces, in difToreat Hahes, suturally inMrlocked 
together ; the moat eommon division is into two subequal parts, one presenting the 
coDcavD-convei joint to tho plenrapophysLi, and called " articular," No. 29 ; the other, 
hifmcaled behind to receive the point of 29, and joining its fellow at the opposite end, 
to complete tho hnmal arch : it ia very singularly modified by eupporliug, and having 
more or teas firmly attached to it, a number of the bard bodies, cdlcd "teeth," and 
hence it haa been termed the " dentary," Ho. 33, In tho cod there ia a small separata 
bono, below the joint of the artioular, fumuag an angle there, end called the "angulm- 
piece," No.-SK to 

In coiiBoquenee of Ihls eitreme modification, in relation to the offieca of seizing and 
acting upon the food, the pair of haimapophyaes of the present segment of the skull have 
received tie name of "lower jaw," or "mandible" (mandii^Ua), The eutiro segment 
is called the " frontal vertebra." 

Tho first segment, forming the anterior extremity, of the neuroakElcton, like miBt 
peripheral parts, is that which has undergone the most extrecae modifications. Tho 
obvious arrangement, nevortholcsa, of ita constituent bones, when viewed from behind, 
ailcr its detachment from tlie second segment, afibrds one of the most eoncluaire p 
of the pi inoiplo of adherence to common type which governs all tho segments of the 
neuroskelcton, whatever offices they may be modiiied to fulfil. The neural arch plainly 
exists, but is now reduced to its essential elements — vii., the centrum, the neur- 
apophyses, and the neural apine. The oentmm is eipanded anteriorly, where il 
uaualljr supports aomii tocHi on its under surbce in Qshea ; it is called the "vomer,' 
Ko. 13. The neurapophyaea are notched {in the cod), or pcribrated (in the sword-flah), 
by tho crura or prolongaliona of the bnun, which eipand into ita anterior divisiona, 
called " olfaelory lobes ;" tho special name of auoh neurapophysis ia " prefiiantal," Ho. 
14. The neui-ol spine ia uaualiy single, sometimes cleft along the middle ; it is the 
I'Qflsal," No. 15. 

Tho hi£mal arch ia drawn forwards, ao that its apoi, as well as ita piers, aic joined 
to the centrum (vomer) and naually also to the neural spine (nasal), cloaing n 
riorly tho nauml uanal. The ploumpophjrBca are simple, short, aen^g backwards an 
expanded plate : they arc called " palatines," No. 20, The hmmapophyses are simple, 
and their eBacntinl part, intervening between tlie plcurapophysis and hamnt spino, is 
short and thick ; but they send a long process backwards. This element is called 
" maxillary," No, 21. The haimal apino, cloft at the middle line, sends one process 
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upwlrdH of varying length in differoat Sshes, nod a seoond downwarda and backwards ; 
and ils under BurfhEB ia besot with teeth in most fishea : it ia callod " preinaiilliay," 
22. Each plcurapophyaiH (uppoHs a " direrging appendage," coneiflting conunonlj' 
of two bones : the ontar one, which fiies the present hiemal aruh to tho finecaeding or 
i ooUed "pterygoid," No. 24; the inner one is the " entoptoiygoid," No. 23. The 
intiie Bcgment is called the "nasal vertebra," The hcGnml arch and its appendage 
form vhat il termed the upper jav {iiMaiSa) ; the palatine and pterygoids forming the 
loof of the mouth, the nuudllarf and premaxUlary the proper upper jav. On reviewing 
the arrangement of the bones of the for^ning segments, one cannot but be etruok by 
the strength of the arches which protect and encompass the brain, and by the beauty 
and efficiency of that arrangement which provides such an. arch for each primary dlvi- 

i of the brain ; and a aontimcnt of admiration naturally arises on csamining iha 

I interlocking of the citcnded EUtural BurDicca, and ospecislly of those unitiag tha 
proper elements of the arch with the buttresses wedged in between the piers and key- 
tone, and to which buttreasea (diapophyaes) the larger hEemal arches are suspended. 

In addition to t^c parts of t^e noitroakdoton, the bonus of the head include tha 
cssiBed part of the ear-capaulc, *' petrosal," IG, already mentioned; an ossified part of 
tliu cyc-oapaulc, conmionly in two pieces, " solerotala," No. 17 ; and an ossified port of 
the capsule of the organ of smell, " turbinal," No. 19. Another asaeoiblege of 
splanchnoBkclctal bonea support the gilla, and are in the form of slender bony hoops, 
OLillcd "branchial orchoa." They ore articulated to and supported by the hyoldcan 
arch. Amongst the bones of the' muco-dermol ayatem, may be noticed those l^at 

umacribe the lower part of the orbit, of which the anterior is pretty conslanl 
the vertebrate aeries, and is called " laer ym al," mat^d 20 in Cnt 9. In fishes they 

re called " auborbitola," and arc ocoasionally present in great numbera, as, i, g., in tt 
tunny. A aimHar series of bonoa Bomctimaa ovcim'ehea the temporal fossie, and aj 
called " Bupcrtcmporala." 

At the outset of the atudy of Osteology it ia essential to Inow well the nnmeroi 

es in the head of a fish, and to tli: in tbe memory their arraugcmont and name 
The latter, aa we have seen, are of two kinds, aa regards the bonea of the nenn 
skeleton; the one tdnd La "general," indicative of the relation of the akull-bones to tt 
typical segment, and which nomca they bear in common with the aamo elements i 
the Bcgm^nta of the trunk ; tho other kind is " special," and beatowcd on account of 
Che particular doielopment and ehape of such elements, aa they are modifiod in the bead 
<r particular functicus. I would adviao any one earnsstly dosirooa of comprehending 
this beautiful depEirtment of Comparative Anatomy to obtain a prepared and partially 
disarticulated skull of a cod-fish i^om Mr, Flower,* in which every bone bears the 
initials of its "general" name, and the nmnerals indicative of its "apecial" name. 
A great proportion of the bones in the head of a fish exiat in a yeiy similar state of 
nnection and arrangement in the heads of other vcrtebrata, up to and including man 
himself. No method could ho less conducive to a true and philaaophlcal comprehension 

he vertebrate skeleton than the beginning its study in man — the most modiSed of 
all vertebrate iorms, and that which recedes furthest &om the common pattern. Through 
1 inevitable ignorance of that pattern, the honea in anthropotomy arc indicated only 
by special names more or losa relating to the particular forms these bonea happen \a boar 

nan ; auiji names, when applied to the tailying bones in lower animals, losing that 

• .InO, p. 173. 
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Bigniftoance, and lieooming arbitrary signs. Owing to lie freqaent modification by oon- 
fluancB of the huroan bones, coUoctions of them, bo united, iiave received aeingle name, 
aa, t. g., " occipital," " temporal," Ac. ; whilst their oonatitoBnto, wbich are usually 
distdnot Tertebral elements, have received do names, or are defined as proceasea, e. g., 
"condyloid process of the occipital bone," "styloid process of lie temporal bone," 
"petrouaportion of tho temporal bone," &c. Tha classification, moroover, of the boDCS of 
the head in Human Anatomy, viz., into those of the cranium and those of the face, is 
arlifidal or special, and conseiinently defective. Many bonoa which easeutially belong 
to the skull are wholly omitted in such classification. 

In regard to the arohetype of tho vertebrata skeleton, fishos, which were the first 
forms of vertebrate life introduced into this planet, deviate the least therefrem ; and 
according to the foregoing analysis of the bones of the head, it follows that ouch bones 
axe primarily diviEible into (hose of— 

The NenroRkeleton ; 
The SplancluioBkcletou ; 
The Dermoskelcton. 
Tho neuroakeletol bones are arranged in four segments, called— 
The OccipitcJ segment ; 
Tho Parietal segmeat ; 
The Frontal aegment; 
7^0 Nasal segment, 
nsta of a "neural" and a "hamal" arch. The neural arches arc — 
N I. Epenccphalio arch (bones Nos. 1, 2, 3, 4) ; 
N IT. Meaenoephalie arch (5, 6, 7, 8) ; 
N ni. ProBotuicphalic arch (9, 10, 11, 12) ; 
N tv. Hhinencephalio arch (13, \i, 15). 
The hiemal arches are — 

H J, Scapular arch (50-32) ; 
H n. Hyoidean arch (38-43); 
H lu. Mandibular arch (38-32) ; 
H IT. Maiillaiy arch (20-22), 

The diverging appendages of the hicmal arehes are — 

1. Tlie Pectoral (5*.B7); 

2. The BranchioBtegsl (44) ; 

3. The Operouhir (34-37) ; 

4. The Pterygoid (23-24), 

The bones or parts of tho splanchna-akelet«n which are 
a tl;e arches of the true vectebtal aegments, are — 

The Petrosal (18) or car-eapaule, with 1 
The Sderotal (1 7) or eye-capsule ; 
The Turbinal (19) or nose-capsule ; 
The Branchial arohcs ; 
TheTeetlu 
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The boiieB of tlie dermoskeloton are— 

The SupraWmporala ; 
The S«perorbitala ; 
The SuborbitaU ; 
The LnbiaU. 

Sodti appaars to be the □atural clossifi-tiitioii of tlie parte which, cooatitute the 
complex skull of osscoug fiebes. 

The term "cranium" might weE be applied to the four neural ardieB collectively, 
but would esoludo some bones called " cranial," md include soma called " facial," in 
Human Aoatamy. In a. side view of the naturally-connectod bunca of the hcajl uf a 
Gsh, such as is ahovn in the figure of the skelaton of the sea-perch. Cut 9, the upper 
part of the bead ia formed by the mmia! apinoa colled BUporaccipltal, 3, frontal, 11, 
and nasal, IS ; produood at the hinder half into the median ridge. The right lateral 
ridge is formed by the parietal, 7, and paroocipilal, 4 ; the eitemal ridge by the poat- 
fronlal, 12, and the mastoid, 8. The anterior tenninatinn of the series of centruma 
may be partly seen through the widely-open orbits at 9 and 13, indicating the pre- 
sphenoid andTomcr reapeotively. The most conapicuons parts of the npper jaw are the 
prcmaxillary. 22, and the maxillary, 21, the latter being edentulous, as in moat fiehca : 
the salmon and trout are eiamplus where Ko. 21 bears teeth. The shape and alight 
attachment of those bones rslatc to the necessity of a movable mouth that can be pro- 
truded and retracted, in a cloaa of n.niinnia that derive no aid in the proheoaion of their 
bod from their limba, which are reduced to Qns. The npper bent back part of thn 
promaiillary ia called ita "nasal branch," and is of unusual length in fishes wilb 
protractile anouta, as, i, g., the dories [2eiii), certain wrasses {Coricus), and ospecially 
the aly-bridani [Spanu tnnidiator of Fallaa). In tiifl fiab the nasal branch of tlio pre- 
.lillnry playa in a groova on the upper suriaoo of the sltnU, and reaohes aa fhr back 
the occiput, when the mouth is abut and retracted. The descending branch of the pra- 
maiUlary is attached by a ligament to the maxillary, and, as this is similarly attaclied to 

mandible, both are protruded, whentho longnasal branch of the premaiillary is drawn 
forwards out of ita epicranial groove. This action is aided by lie hypotympanie, 
which ia of great length, and has a roovablo articulation at both ends ; the lower end 
joining the maadiblo ia pulled forward, simultanpously with the protrusion of tba 
prcmaiillory, and oo-operatoa iberowith in. tlio sudden projection of the mouth, by 
which the sly-beam seizes, or shoots with a auddenly-propelled drop of water, tlio small 
agile aquatte insects that constitute ita prey. 

An opposite extreme of modification of the maxillary and preTnastillary bones, where 
nusual fixity and strength are needed, ia that preaunted by the " sword-fi^ea," in which 
the premaiillarios coostitatfl, by an unnaual prolongation and density of tissue, the 
Bword-ahaped weapon charaetcriatio of the genera Xiphiat and Islitpliorui. 

In Cut 9 the dirisiens 28 a, c, and i^ of the tympanic pedicle, and the two chief 
divieiona, 29 and 33, of the mandible, are shown, together with the four benca of the 
opercular appendage ; the preopercular, 31, being serrated and opined, as in most 

Of the hyoidcan arch may be aeen tlie ^loaaohyol, 43, the centtobyal, 40, with ita 
branch iostogol laya, 4-1, and the urohyal, 43. Of the scapular arch, the scapula, 51, 
and the coracoid, 52, this supports not only the bonea of the " pcclural fin," P, viz., 
ulna, radius, with the amall carpal bones inlecvening between them and the metacarpfr- 



Wr 



I 





MODIFICATIONS OF THE CAODAL VERTKDRa;. 



cr elements of the pel™ Broi, 63, and their diTcrging 
appendage, B9, caUed the " vential fin," V. 

In the segments of the trunk the ba;niBpi>physcs, 
save in the firet Tertebra, S8, find Iha pelTio vurtchnt, 
03, ore nut ossififid ; but they ore represented by Bpo- 
ncurotdc faacia continued downtrnrda from theoseificd 
elements of the Begments ; these elements consist of 
(he centrom, the neurapophyscs, and nenrnl qiincs, 
the pleuriLpaphyses, and the parapophyses. In most 
fiehca the neural spines are connate iiit^ the ncuiapo- 
phjEcB, aiui these become confluent with the centnuns 
in moEt of the segments : the neurapophyscs me per- 
forated directly by the spinel mrres in many fishea, as 
at n {Fig . 8) ; fhey usually develop anterior zygapo- 
physes, Z (Fig. 9). The oentnims are biconcave in all 
fishea, save the lepidostcus, in which they are convex 
in fronl, and couuavo behind. Tho plenrapophyaes, 
jil (Pig- 9), form what are called " false ribs," or free 
or " floating ribs," in Anlhropotomy : they articulate 
with the centrums in tho anterior tmnt-vertebrte, and 
then with the parflpophysefl, pj which are usually 
confluent irith the Eentnun. The porapoplijses elongate, 
bend down, and unite together at or near to the end 
of the abdomen, and so form the contracted hxma! 
canal, for the caudal vessels, in the long and muscular 
tail of the fish. The trunl-vertebriB of a fish ore 
divisible into those which have free pleuiapophysEB, 
called " abdominal vertehne," and those without, and 
which temiijmto below by narrow hamal arches and 
long BpiuEH, called " crtndal vcrttbrte." These benial 
arches are farmed by different parts in diflbrent fl^hcs ; 
commonly "by the bent^^own and terminaUy confluent 
pnrapophyses (Fig. 10), I, ji, cod ; sometimes, as in the 
tunny (ii.) Ill, by pampophyses, p, lengthened out by 
plenrapophyses, pi ; sometimes, as in lepidostens (I'JS.), 
II, by pleurapophypses, pi; but never, as in lur- 
brealhing -vertebrates (I'j.), T, by ossified htcmapo- 
physes, h, Ai. Thcue elements, in the first Ycrlcbra 
of the trunk of a fish, are, indeed, ossified, and form 
the long and slender bone cflHed " clavicle," fi8(Pig.9), 
usually attached to lie inner side of the scapnlat arch. 
The hiemapophyaGB of^ probably, the last abdominal 
vertebra, celled "iachia," No. 63, ap detached from 
the rest of their segment, and are cither loosely ons- 
peodcd in the flesh, beneath or near it, as ir ' 
called "abdominal;" or they ere advanced, mnch elon- 
gated, and attached to the tcnpular arch, as in Bib 
(Fig. 9) ; or thpy are more adranced, shortened, and 
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Bimilarly attaitfid, as in the flahea called "Jugqlor;" or they aro wholly wimti 
as in tha fishoa oaUed "apodaL" Tha fina called "yentcal," T, Buppurtud by lliB 
peltio hiEmapophyBBB, indieata by their poaitton the orders of fiabea called "abdo- 
minal," " Ihoraoic," and "jugular," by LinnieuB. 

Tha only proper fina in paira are the "pectoral," P, answering to tJie fore-limbg 

of quadrupeda, and the " ventral," V, anaweriog to the hrnd-limba. The rest of 

] fins aro singlo and median in position, and are duo to folds of the ekin, in which 

-tain dermal boaea are devalojied tor thair auppoit. Theae bones are of two ^=i"•\'f •■ 

0, daggor-flhapod, are plunged, ao to apeak, up to the hilt, in the fleah between the 

neorai apioea, and batwaen tha haHoial apinea ; those along the upper surface of the fish 

are called "intemeural apines," in, Cut 9 ; tliose on the under aurface are the "int 

biemal apinea," lA, The intemeural apinea support the " dernioneuiel epines, i 

dug the raya of tba doraal fin or fina. El, D2, nnd the upper raya of the caudal 

~ S, which form the inyB 



iin. The mtorhajmal spinea support tha dEnnohfemal spines, di 
of the anal flu. A, and the lower raya of tha caudal fin, rfA, C. 

Eoth dDrmouGural and dcrmohsmal apinea niay present two structures ; they may be 
simplo, unjointed, firm, bony apinea; or they may be flexible, jointed, and branched rays. 
Those fiahea which have one or more of tlm hard apines at the beginning of the pectoral, 
rentiDl, dorsal, and anal fina are called " aoantbopteryginn," or apiny-flnned Sshea (Qr. 
aaail/un, apino; pttmx, fin); Ihoae in which tdie Tertdoal fins are supported by soft spinea 
are called '■mnlaoopterygiaji," or aoft-lianed fl^ahes (Gr. wa^Am, soft ; andjrferwi). lohthy- 
ologiata avail themaelTos of the nuniber and kind of rays in the fina to cbaraoterize the ape- 
Eies of fishea, and adopt an abbreviated formuls and symbols to express ILeae cbaracters. 

In regard to the aea-perch (Fig. 0), the fin-formula would bs aa follows :~ 
D7, l + 12]P12:Vl-+-fi;A3 + e;Cl8, 
which aignifioB that D, tha dorsal fin, hna, in its first diiision, 7 raya. all spinous i in 

second division, 1 spinous + (pins) 1 2 rays that are Hoft. P, the pectoral fin, has 12 
rays, all soft. V, the ycntral fin, haa 1 apinflns ■\- 6 soft rays. A, the anal fin, has 
3 spinous -(- S soil rays. 0, the caudal fin, has IS rays. 

When the piscine modifioetion of tha vertebrato akeleton is contemplated in relstioa 
to tbe life and movements of a. flah in its native clement, srery departure from the 
archetype ia ateii to bo in direct relation to the habits and well-being of the species. 

The large head has been compared to tha embryonia disproportion of that part in 
LghorTertebrUes; but the head of a fiih should bo of the size and shape beat fitted b 
rercome the resistance of water, and to fluiilitate rapid progresaion through that 
emont : the hood must, therefore, grow with tie growth of the body. Aocordingly, 
the large sknU-boues always ahow the radiating bony filaments in their olear circum- 
ference, which is the seat of growth ; and hence the number of overlapping aqaamoaa 
latures which least oppose the progressive extension of the bnuos, Tho oranial cavity 
expands with the expansion of the ekiUl, but the brain undorgooa no corresponding 

reose ; it lies at the bottom of itii cspaoioua chambor, whinh is principally ODCiijned 
by a loose eellnlSLT tissue, situated, tike the " araclmaid" membrane in man, between the 
brain-tunies, called " pia mator" and " dura mater," and having its cells filled by a 
light, oUj Quid ; thus the head la rendered specifically lighter than if growth only, and 

the modelling abeorption also. Lad gone on. The looao cncnectian of the h^mal 
■rchoa and their parts, including most of what are called " bones of the face," aeems 
like the retontian of a condition observable in the partially-developed skull o 
embryos of higher animals ; but thia condition ia aubscrvicut to t^e peeoliorand e: 
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sire moremonts of the jaws, and of the bonj supports of the brenthing nuichinery. Not 
tnj of the limbe of fiahea aie prehensile ; the mouth may be propelled bjr them to tha 
ibod, but the act of taldng it must be pecfcomed by the jaws i these cau, accordingly, 
be not only opened aud shut, but con be protruded and ratnieted. The division of the 
long tympanio pedicle into several partly-CTerlappiiig pieces adds to its strength, and 
by a alight elastic yielding diminishes tha liability to fiacture. The tongue, to judge 
by its structure, seems to serve little as aa organ of taate, bnt the arch sustaining it baa 
much to effect in the way of swallowing . for this action relates not merely ti) food ( the 
mecbamoal part ofbrealiing is a modified, habitual, and frequent act of deglntitioo. The 
hyoid arch is the chief support of the branchial arches and gills ; and the branchioategsJ 
membranes, stretched ont upon tie diverging rays of the hjoid arch, regulate the course 
and eiit of the respiratory roirenta. 

By the retractioQ of the hyoid arch tlie apcrcular doors are forced cpen, and the 
branchial cavity is widened, whilst all entry from behind is prevented by the bronchi- 
ostcgal Baps, which close the eitema! gill-openinga. The water, therefore, enters by the 
gaping mouth, and rushes through the mevc-liks interspaces of the branchial arches 
into the branchial cavity ; the mouth then shuts, the opercular doors close upon the 
branchial and hynid arches, which again swing forivards ; and the branchioategai mem- 
branes being withdrawn, the currents rush out at the gm-openings. Thus the mecha- 
nical fnnetiona of the h»mal arches of tho thorai of the higher air-breathing claaaas 
are transferred to the hamal archas and appendages of the skull in fishes. 

The persistent gills and giU-arclics in flshea have been compared with the seme parts 
which are transitory in &ogs, and with some traces of branchial orgaiiixatioo in the 
embryos of higher Tertehrates : and ftahes have been caHed, in the language of (ho 
Imoamuttttion-of-spccioa hypothesis, " ttrTOa6cd gigantic tadpoles." It will be found, 
horovcr, that so far boat there having been any atoppaga of development, the branchial 
arches have beon adapted to the exigencies of the Bah by advancing to a grade of 
Btnicturo which Ihoy naver reaoh in the &:og. This is shown by their Sna ossification, 
and thair numerous alaatic joints ; the stcvc-liks valves developed from the side next 
the mouth have been prB-anaogod, with the atmoat complexity and nicety of adjust- 
ment, to prevent the ontiy of any partielee of food, or otbor irritating matters, into the 
interspaces of the tender, vascular, and aensitive gUls. It is interesting, also, further 
to observe, that the last pair of these arohes, which, ivhcn tho embryo-fish is as yet 
edentulous, usually support gills, are reduced, when the supply of yolk-food is 
eihausted, and the jaws get t^ieir prehensile organs, to tho capacity of the guUet- 
boonne thickened, in order to support teeth for tearing in pieces, mincing, or crushing 
the food, and are converted into an accessory pair of javs, and this pair the most 
important of the two, as it would aeom; Ibr the carp-tribe — e. p., tench, barbel, roach — 
which have no teeth on their proper jaws, have teeth on the pharyngeal jaw^. In 
no other vertebrate animals, aare the osseous fishea, is the mouth provided with maxil- 
lary instruments at both the fore and bind apertures ; and in no other part of the piscine 
itructore is the direct divergence from any conceivable progressive acale of ascending 
organisms, culminating in man, so plainly marked as m this. 

The general form of the fish is admirably adapted to the element in which it lives 
and moves. The viscera aro packed in a moderate compaas, In a cavity brought for- 
wards close to the head- The absence of any neck gives the advantage of a more eiten- 
aireand resisfing Bttaohment of tho head to the trunk, and n greater proportion of the 
tnaii is 2ea &ve £}r tba aRoca,ti.aa ot the musculai masses which move the tsU. In 
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the " cBlidal" division of the Tertabral oolmnn, tlia patapophyaea ceaao to eitend nut- 
wards ; they bend downwarda, unito and elongate in tlia,t direction, proportionally witli 
the elongatioit of the apinea above, vMlst dermal and intercalated spines shoot forth 
Irom &B middle line above and below, giving tiie vertically extended, compressed form 
o the hinder half of the body, by the alternating lateral Btrotea of wliicli the fish ia 
propelled forwards in the diagonal between the direction of those forces. The advan- 
tage of tlia biconcave form of varfHbra, with intervening elastic capsules of gelatinoua 
fluid, in producing a combination of the resilient with the muscular power, is as obviooa 
B it is beautiful to contemplate. 

Tho fixation and coalescence of any of the vertebra in this locomotive part of the 
flflhea' body, analogous to the part called "aaonun" and "pelvis" in land quadrupeda, 
would be a great hindrancd to tlie alternate and vigorous inflections of tbat port, by 
which mainly the fish, swims. A " sacrum" is a consolidation of part of the vertebml 
is of the body, for the transference of more or leas of the weight of that body upon 
iba organized for its support on dry land ; such a modification would bavo been not 
(rely useless, hut a hindrance to a fisb. T ha pectoral fins are the prototypes of the 
■e-limbs of the higher vertebrates. With their terminal segment, or " hand," alone 
projecting freely fiom the trunk, and swathed in a common sheath of eliin, thoy present 
interesting analogy to the embryonal buds of the answerable members in man. But 
what would have been the result if both arm and fore-arm had oztendcd &eely from tho 
side of the fish, and dangled as a long many-jointed appendage in Che water ! Tliia 
" Mgher development," as it ia termed, in relation to the prehensile or cursorial limb of 
the denizen of dry land, would havo been a defect in the structure of a creature destined 
leave the liquid element. In the fiah, therefore, the fore-limb ia left as abort as wa^ 
tampatiMe witti its required functiona ; the "broad, many-fingered hand alone projects, 
can be applied prone and fiat, by fleiion of the wrist, to the aide of the trunk ; or it 
f be extended with its flat surfaeea tamed forwards and backwards, so as to cheek 
and arrest, more or less suddenly, tho progress of the fiab; its breadth can also be 
liniabcd by closing up or stretching out the digital rays. In the act of flexion, the 
pectoral fin slightly rotates, and gives an oblique streke to the water. The lequiaito 
breadth of the modified hand ia gained by the addition of ten, twenty, or it may be a 
hundred fingers over and above the number to which thoy are restricted in the fore foot 
or hand of the higher classes of vcrtobrata. The pike muntains a stationary podtioii 
in a stream by vibrntiuna of the pectoral fins : tho nature of the bottom of tho fish's 
habitat is ascertain^ by a tactile application of the aamo fins. In the hard-faced gur- 
nards ccrtuia rays of the pectKirala are liberated from Che web, and have a apecial 
endowment of nerves, in order to act aa fbelora. In the ailuroid fiahea, the pectorals 
wield a formidahlo weapon of offenoe. A tropical apecies of perch (Auaiaa) usea a . 

muUlcr analogous pectoral apine for climbing up the mangrove sterna in q^ueat of insects. < 1 

Certain lophioid fishes that live oa aand bants left dry at low water, are enabled 
to hop after the retreating tide by a special prolongation of the carpal joint of the 
pectoral fin, which projects in these " frog flahes," as they havo been termed, like tha 
limb of a land quadruped, and presents two distinct segments clear of the trunk. 

The sharks, whose form of body and strength of tail enable them to swim near the 
(nrfiwe of the ocean, are further adapted for this sphere of activity, and compensated 
for the absence of an air-bladder, by the Urgo proportional size of tieir pectoral 60a, 
which take a greater share in their aotivo and\Biicde;VQ\a.\iOTii'OQaai.\a,™SsEsa^'»^^**"' 
mors oipociaUy in producing Ihat holt tom. or rofl. 0^ "Cai ^k*-! twjii'A. \o'ws^'^™J 
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mouth, whidi ia oa tho undtr part of Iha head, in oontact vith their picj. Tbe Duud- 
mum of develupmeQt of the numy-flngered haads is attaiur^d in the re.;:, uid in those 
fijhea — e.g., KloodIiu and Detlylopterui — callod " flying iiahoa," in cansf^quence of thu 
peetoiola being long Giioug}i, and Ihoic wobs broad (muugh to eUBtain them in tha sic, 
in their long " flying leap^' out of the water. 

Witi regard to the yentral fins— the rudimcnta of hind-Knihs— these oombinB merely 
trilh. the pectorals in laieing the tnh, and in preieoting, as outriji^'n, thu rolling of 
the body during progreBsioo. In the long-bodied and small-headed sbdonunal thihee 
the vonlralfl are situated near the vent, where tiey best subserve lie offioe of ncceaaory 
baloncon ; in the large-headed thoracio and jugular fishes they are tranafeired forwards, 
to aid the pectondi in supporting and raieinig the bead. If the pectoral and Tentral Gna 
in one of these fiahea be cut oS^ the head Binls to the bottom ; if the right pectural fin 
only b« cut off, the fish leans to that side j if the ventral fin on the aaniD aide be cut away, 
then it loses ita eqmlibrium entirely ; if the dorsal and anal fine be cut ofi', the fish reek 
to the right and left ; when the caudal fin is cut o^ the fish loses t^D power of progrossiTe 
motion ; when tbe fish dii^ and the fina cease to play, the belly turns upwards. 

Pnley thus suma up the actions of the fina of fiahea :— " The pectoral, and mora par- 
tioularly the ventral, fins serve to raiso and depress the fish ; when the fish desires to 
bave a retrograde motion, a stroke forward with the pcctoial fin elFectually produces it ; 
if the fish desire to turn either way, a Eiogle blow with the tail tbe opposite way sends 
it round at once ; if tbe tail strike both ways, the motion preduced by the double lash 
ia progTcaaive, and enables the fish to dart forwards with an astonialiing velocity. The 
result is not only in eomo casca the most rapid, but in all caacs tho most gtmtle, pliant, 
easy animal mation with whith we are acquainted." " In their mechanical use, the 
anal fin may ha reckoned the heel ; the ventral fins, the outii^^rs ; the pectoral fina, 
the oars ;" and we may now add " the caudal fin, the aorew-propetlar." And if there be 
such UTtulitud between those parts of a boat and a fish, " observe," adds Paley, " tbat 
it is not tho .'esemblance of imitation, hut tho likeness which arises &om applying 
similar mechanical meona to tho same purposes,"" 

PiliLGlpal Foima of ths Skeleton in the Olass Heptilia. — The transi- 
tion from fishes to reptiles ia e^y, and the signs thereof very manifest in the nkeleton. 
In the Ihornback and allied fishes the skull articulates with the trunk by two condyles, 
and the part answering to the haaiocdpital is a depressed plate. The Balfoehia, (it lowest 
order of reptiles — including the aircn, prolans, £n^ toad— have a similar double artion- 
lation of the skull with tho trunk, the two ccndyba being devejoped from the two 
cioecipitsls, Hmtna^raphyses are not present as bones in the abdominal part of the 
trunk of Batrachia, but tiiey ara BO dBvPloped in the tail. This atructure, with the 
detachment of the scapular arch from the occiput, and (he absence of dermoneura! and 
dermohiBmal spines, aervcs to diatioguish the most fish-like batrachian fium the pro- 
lopteruEaodlcpidoairen, which are the most reptile-like of fishes. 

In commencing the study of the skeletons of reptiles in tho most fish-like of the 
diss, we find a much less complex condition of the osseous ihunework of the body than 
in the bony fishes ; this will be imme<iiately manifest by a comparisan of tbe skeleton 
of the menopomo (which may be seen in tie Museum, lioyal College of Burgeons, No. 
683), ea an example of the perennibrancbiate batrachia, with the skeleton of the trout 
(No. 4S) or of the haddock (No. ITS, in the same Museum). 
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Hhe ffifferenoe tends gnuttly to elucidate the true nature of the ramplesities of tho 
Bah'e skeleton, since it ohiefly oonaists in &s siraptiflcOition of tlist of tho bntraclmn, by the 
non-dcyelopment of tbe parts of the dermal aksleton which oharaaterize that of the fl'h , 
The suborbital, superorbital, and enpratemparal saale-boncs are remorcd, together with the 
opercular bones, ^m the bead ; and the intemsural and dermoncurol epincs, with the 
interhEemal and dermoluemal spines, are rpmarcd ftoai the trunk. The cndoakeledia 
is also reduced to a Tery simpla condition ; the advance charocteristic of tho higher 
class being appreciable only by a comparison of it with tho skeleton of the most 
batraohoid of fishes — i. g., the protoptems (No. 3H0), 

We then pBroEive that the bodies of the TertebnB, in the true batrachian, are 
distinctly oasifled, thong!) 
preserring, in the pcren- 
nibranohiate species, a 
deep, eoniral, jelly-fiilcd 
uarity both before and be- 
hind (Out 11), C ; they have 
also coalesced with the 
neural arches, as these have 
with their spices, which 
are, however, scarcely pro- 
minent, esccpt in the tail. 
The tnuiBverte prooesses 
are developed not only from 

base of the neucitl arch, 

and am formed by both parapophysos and diapophyses ; and they coenat wifh distinct 
hiBmapophyBes in the tnil (iA.)i ^- With these, likewise, coeiial earfikginonB plenr- 
apophyses {il>.),pi, in the second, third, and fourth caudal tettcbnoj Ehort ossified 
pleurapophyges being dertlopcd from the ends of the diapopbyses in tho fi^ caudal 
to the vertebra dentata incluslTe. 

By thii instnictivo condition of tlie akclclon of the fnenoponie, WB perceive at onco 
that the hicmapophysoB (it.), H, arc neilher trauaverse proeeases, nor ribs bent down or 
displaced, but are elcmenta of Tertebr», as distinct as the nenmpophyses above. The 
neural arches are now artiaulated together by well-developed eygapophysca with syno- 
vial articulations, which are absent in the protoptems, as in most fishes. 

In the protopterus, as in the equatina and some other cartilaginous fishes, Qie ncurel 
arch of the attasresta upon abackward production of the basiocdpital; in the batTschians 
it is eonfluent with its own prupor centrum, whidh duvelopes two articular surfaces for 
the two occipital eondylcs. l*he hn^mal arch of the occipital segment, which is attached 
to its proper vertebra in tho protopterus (Fig. 32), A, fil, S3, as in osseons fishes, is 
detached and displaced backwards in the batracltians (Fig. 33), 51, 52. In thi^ com- 
pletion of the hxmal aruh of tho sacral vertebra in the menopnnte, by the enlarge- 
ment of its traoaverse process (Fig. 11], D, and by its pleurapophysis {ft.), pi, extended 
to join a huiinapophysis (ti.), H, below, we have the ]>ey to tho essential nature of tho 
pelvia in all air-breathing nnimala The progressive development of the appendages of 
the scapular and pelvic arches, which are to heconje tho fbur limbs of air-breathing 
vcrtobtataa, should be traced from their condition in the protoptevua. ■Keps i;^^^.^^! 
ihey are reduced to a single ray, which is soft, ani mrai-^-'jiyvDStA. \a'6ia ' ' ' 
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didttctyla (Fig;. 33) Uio rn; is osBiflcd.: its first joint (li.), 53, \a loI^;,iU lecond (I'i.), £4, 
lot, IB bifid, and a curtiliigo at tte end of this supports two Bhort tonuiiial rays. This 
a thB pattern of tbo aubdivisiot of the apiieiidage bath of the scapular and pelvic 
arekoa, in all the higher Tertebrates : heaoe, ia consequence of the vast modlhcutions 
of tha several segments, the neceaait; for their special names. Id the fore-limb tl 
£rst augment (Fig. 33), E3, is libe " onn,' ' and its bone, the " humerus," No 93 ; the 
second BCgment is the fore-onu — its two Iwnea are the " radius," No. 55, and " ulna," 
No. 6i; tho third segment is the "hand" — its rays are the "fngera ;" and its bones 
are Bubdirided into "carpala," No. 56, " metaearpals, " and " phaJanges," No. 67. In 
the hind-limb (Fig. 31) the Jint segment is the " thigh," and its bone, the " femur," 
No, 6o ; l^e eocoiid aegmcnt is tho "leg," and ita two bonca arc the "tibia" No. 66, 
and "fibula," No. 67 ; tho third Begment ia the "foot" — its lays ore the "tocsi" its 
~ jnes are subdivided into "taraals," " metataraala," and " phalangee." 

In the sireu the pelvic aroh and limbi are not developed ; but they coexist with tho 
scapular arcb and limbs in. all olhcr batracbdB, lutheprotous tho laat segment of the fore- 
limb divides into thieo rays, tbat of tho hiud-limb into two mya ; in other words, it has 
tiiroe fingers and two toos. The mcaobranchua haa four fingers and four toea. The aiolotl 
has four fingers and five toes. Tho Encnopomo has five fingers and five toes. 

The ultimate subdivieions of the radiated or diverging appendages of tho scapujar 
and pelvic arches do not exceed fivo in any existing eir-breatlmig animal, and their 
further complexity ia due to the speeialization of each digit, so as to combine 
associated action, instead of their indefinite multiptication, which' causes tho seeming 
implejdty of the same appendages in fishes. 

In all the fiah-IiJce batrachia, called, from a relfntion of more or leas of the branchilll 
apparatus, " perennibTanohia," the limbs are short, and the rays of tho terminal segments 
of each limb are, more or leas, united by a web : the body is long, and the tail long an 
compressed. But a great ascent in the scale of life is made in tho hatrathian ordi?r : e 
the species when hatched have the fish-like fonn, and giUs for breathing water ; moat 
of them exist for some time, under this form, in water ; and Iheso undergo so Btrango 
a modification of form and structure before arriving at nuiturity, that it has been colled 
a " metamorphosis." They changa their aquatic for a torroBtrial life ; they breatho ai 
instead of water ; and from being omnivorous become camivoroua. Tho tadpoles a 
our common toad aiul frog afford ready and abundant instances for tracing these ataget 
The following is an outline of the main pbeuomeua of the change observable in regard 
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la tho development of the skeleton of the comniLon frog, a ^brous aud cartHaginous 
franiowork is originally laid down oonfontiably with the aquatic habits and life of the 
larva. A large caitilagiaciis cranium with fouihiemol arches, and one of those supporting 
the framework of the branchial apparatus, — a short series of fibin-cartilaginous verte- 
br!e, minus the hsemal arches, in the trunk, and a series of fibrous septa diverging from 
the fibrous capsule of the notochord, and deSning and giving attachment tt 
cular segments along the tail, — constitute the skeleton of the newiy hatched tadpole. Aa 
it grows, ossification begins ; but only in those part of the siceleton which sr 
retained in the future frc^. Thus, the □entrums and Deurapophyses of tJie hi 
trunk are oasiflod, but not thoae of tho laiL In the trunk, ossification of the vertebral 
body proceeds centripetslly by layers, successively diminishing in extent, and conical 
interspaces are left, oenaiating of the ohon^ied fibrous capsule of the notochord with tho 
inclosed gektinous cells, their liquefied contents forming the halls of fluid, between the 
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biconcavo TcrtelmB, its in fishoB. But oaaificatioii proceeds to Ell up tiie liinder cavity of 
thp ccnlmrn, anii to project into the front cavity of tliB succeeding Tertebni, wilJnrhicIi 
it IB Anally connected by B. BynoriiU baU-and-socltot joint. Thus, the firmer ratervertebral 
articuladonB arc established, which adapt tbe T^rtobral column to the Bnpport of a body 
which is to bo suapcndod upon limbs, and (rsnaported by them along the surface of the 
dry ground. Wbilst tbis change is proceoding, the tail is undergoing rapid absorption, 
the retained Ebro-cartilaginoua condition of its vertebKe rendering them more ready Tor 
removal. In the last fiiaed rudirnenta of the caudal vertebrffi, oaaifieation eitcnds con- 
tiniioualy, and the peculiar style (Fig. 12), (, at the end of the Tertebral series in the frog 
and other tail-leiis batrachians, is thus established. ■ 

In the oonveraioa of tha biconcave into cup-and-baU vortebrie in hittachian lame, 
ossification commonly, bnt not olwaya, pro- 
ceeds to DblileratB the hinder cavity. In ,, Fig. 12. 
the land salamanders, however, it eitends 
£om the front cavity ; so that in the adult 
Tortcbne the ball ia anterior, and the cup pos-^ 
terior, as in certain salamandroid fishes — e. j., 
hpidosleua. In those batrachians that retaia 
more or leEs of the branchia] apparatus, with 
the outward form and natatory tail adapted 
to aquatic life, the vertehrte of the tail are 
ossified lilce those of the trunk, hut the bicon- 
cave stmctuie and interrening gelatinous 
joints are retained throughout life. 

The chief cbsngfH whicli toko placo in 
the conrorsioa of the caitdlaginous ekull of 
the larva to the ossified one of the imago, 
or perfect frug, are seen in the shape and 
relative position of tho hEmal arches and 
their appendages — i. i., of the maiillary, 
mandibular, byoid, and scapular arches. 
The maiillary arch expands in breadth, 
the mouth widens, and the homy mandibles 
are shod. As the mouth advances forwards, 
the tympanic pedicles aro elongated, and are 
placed more obliquely ; their proximal end 
retrograding from tho post-frontal to the 
mastoid region of the skull, and their dla. 
tal end inclining forwards with the attached 
Fer jaw, Nob. 29, 33, on which tho denticles 
w begin to be developed. For the still mora 
traordinary changes of tho hyoid itrch, 
No. 41, and its branchial appendages. No. 46, 
the student is referred to Bilge's "Eecher- 
r 1' OstSologie dcs Batraciens," ito, 
I83fi; andtothewritet'a "Archetypeofthe 
Verlehralfl Skeleton," pp. 70, 71. 

The scapular aruh, which ■wai dose to the occiput, idulst piatec&^vo&.'osf^^^fiai^ 
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BKELETOK OF THE FROG. 

Iha bruidiial beait — ^iti primaiy funutioD — beglna, u the ludimeutB of the foro- 
limba bud out, to recede bookvaids, like the mandibular and bmndunl arches, but 

a greatci oilent, the attachment to Ch.e occipital aegment being wholly lost. The 
Bcapulai and coriu^aid portions of the arch became Sist oaaifled j tbo suprascapular 
plile remaina long coriikgLnoua, and oltFaya portlfao; the atemum is deToloped in pro- 
portiua 08 the hyoid anih ia roduucd, and iho branchial orolieii ore rf moved ; thus a 
strong fulcrum ia ocmploted for the articulation of the shoulder-join ta. The pelvic arch 
had proTiously l»«a completed, aod the iliac booes and lidea of the sacrum become 
ou-clongated ; Ihia the ilia continue to extend backworda as the tail is being abooibed, 
and the hind-limbs are lengthened out and finished. 

Thus metamorphoeed, the akekton of the frog preaonla the fallowing structure 
(Fig. 12) : — The number of vcrtebrte of tb« trunk, exclusive of the coiygeal style, e, a 
; the first, or atlaa, has no diapophyses, but these are present and long on the rest, 
ospociatly on the third, d, and ninth, a, verCobne ; in the latter tbej are thick. aUmd out- 
wards, and support two other long, curved, rib-liko hoaea, 63, which expand at their diatal 
ends, and unite to two bony plates, 63, completing thu lucmal arch of the ninth aegment of 
the trunk. The buncaof the hinder extremitiis arc attached to the point of union of the 
above costal ajid hiEmal pieces, one of which onawcra to the ilium, (i2, and the other to 
the ischium, 63. The superior development of thia oruh relates tu the great size and 
•ength of Hie binder extremitioa in the tail-less tribe. The bodies of the verlebrx 
3 artioulated by ball-and-socket joints, the cup being anterior, llio ball posterior, a 
modification which relatid to the more tcrrostrial habiU and locomotion of these higher- 
orgoniicd batrachia. The caudal TertobriB are repraeenled by a aiugle, elongated, 
cylindrical style, c, hoving an anthyioscd neural canal. In the seven ¥Ertebr», betwaon 
LO atlas and the Bocrum, two xygapopophysea, looking upwards, two zygapophysea, e, 
loolcing downwards, and a abort spine, are dovctoped &om each neural arch. 

The flupmscapula, 50, ia rerj liroad, and in great part ossified; the scapula, El, 
divides at its hamerol end into an acromial and coraeoid process ; the latter artieulatoA 
with tho true ooracoid bone, 52, the acromion with tlie expanded extremity of the 
clavicle, G8 : the glenoid cavity is formed by both the scapula and the coraeoid. Aa 
epistemal bone, SQ, supporting a broad cartilage, is articulated to the me^ol union of the 
clavicles, from which a bony bar is continued bscktrarda between the expanded and par- 
tially conjoined cuds of the coracoide. The sternum, 60, is articulated to the posterior 
port of tho sumo extremitica of tho coracoids, and supports a broad " xiphoid" cartilage. 

The proximal end of the humerus, 6.3, ia on epiphysis ; the distal end presenta a 
hemispherical ball between a small cxti^rool ridge, aad a large internal condyloid 
procesa. The antihraehiai bonea have coaloaced, but on anterior and posterior inden- 
tation at the distal half indicates the radios, S3, ohd ulna, SI ; their diatal articular 
extremities are represented by a single epiphyus. The ulnar portion of the bune 
di>velope« s short and broad olecnuuia, o. The bones of the carpal series now receive 
definita names, and are as follows :— (Fig. 12), i, scaphoid ; I, lunore ; a naip, ouaeo- 
pisiforme; t, trapezium ; fr, trapezoides ; m, magnojn; o, UDciiormc — bore two diitinct 
bones. The Brpt digit, I, has one bone, a metacarpal; tho aecoud digit, II, has a meta- 
carpal and two phslangfs ; thethird. Ill, thesame; the fuurtb, IT, has a metaixiipai ana 
three phalanges ; and the fifth, V, the aanie. 

Both the proximal and the distal extroimtiea of the femur, 65, are in the condition 
of epiphyses. The tibia and fibula ore connate, SB : a longitudinal impression on the 
tauA and back port of the expanded distal end indicates their division, but a sixglo 
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boaea ; the^ aie perEbrated oesi 
their middle, froin befora back- 
var^ by a yBscular canal. The 
tar^l bouDs are now diatinguiflhad 

I'bo astragalus, a, and calca- 
noum, cl, are mudi elongated 3 Ute 
former is ellglitl; bunt, the latter 
Btraight; they have conleoced at 
tttir proiimaj and also at dieir dis- 
tal extremities with each other, and 
with the scaphoid, t, and cuboid, S, 
bones. Three cuneiform bones, it, ei, 
remain detached, and immediatelj 
Rupport tlis three inner toes and a 
cartilagtnouB appendage. Thefirat 
toe, 1, and seooud toe, "i, have eaoh 
a DietatarMl aad two ptmlangea ; 
the third toe, iii, has a metstaisol 
■ud three phalangiea; the fourth 
toe, HI, has a metataraal and fbur 
phaliuges ; the flfLh tue, v, a mc- 
tattiisal and Gaea phalanges. The 
grent length and streogth of the 
pelvic aruh, and its appenda;^ 
the hind-limhs, g^ve the Irog the 
power of executing the long toaps 
for which it isproserina). 

All the batradiia present this 
stniuture in common with fishes, 
Tiz., that the ribs of the trunk, 
wheQ preaont, ate free, Kmsiat Only 
of '^pleurapaphyaea," and do not 
eneompasB the thoracic- abdominal 
cavity. The absence of unyielding 
osseous girdles at this part seems 
to reliite to a, peculiarity of their 
generation, viz., the almost ramul-. 
toneoua ripening of the eperm- 
eclls and ova, causing a great and 
sudden distenaion of the abdomen ,- 
at the breeding period. 

Osteology of theOpUdiA, 
Di Serpent Tilbe,— Thtirc are 
eei-tnin tropical land batrachia— tki 
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as long and slander u in scrpcnb, includcB almost as numerous Tfirtobrs, and is devoid 
of all trace of limbs. But tta osteology of tka t jpicol OpMdian reptiles dilfera from 
that of tlie batrachians in the more elongated ribs ; in the distinct basi- and super- 
occipitala ; in the euperoDcipital forming part of tbe ear-cliamber ; in 1^ boaioceipital 
combiiung nilli tlia eioocipital to fonn a single aiticular condyle for lie atlas ; in tbe 
oasificatioa of tba membrauaiu space between tho elongated parietala and tlie spteuoid; 
in the constant cDolescence of t^e parietala it'ltli one another; in Ibc constant confluence 
of Ibe orbitospbonaids vitb tlie fi'outaU, and in tbe meeting of the otbitoBphcnoidB below 
the pToscncephalon, upon the upper surface of the presphenoid ; in the preaeocc of dis- 
tinct poatfrontals, and the attachment thereto of the ectopterygoida, whereby thoy faim 
an anterior point of auapeneion of the lowei jsw, through the medium of the pterygoid 
and tyropaoio bonce ; laatly, in the eonnation of the pre&ontala and locrymala. 

In studying the osteology of the head of the python, as the typo of the Ophidian 
Order, by the aid of the following description, the student may oompare the diiartisu- 
kted skull, No. 628, with that of the large skeleton. No. GD2, in the Aluaeum, Boyal 
College of Surgeons : the honea are numbered as here referred to. 

The basioccipital, 1, ia suhdepressed, broadest anteriorly, snbhexagonal ; amo 
and concaTe at the middle above, with a rough Butuml tract on each aide, and a hyp- 
apophysis below^, produced into a recmred point. The hinder focct of the basioccipital 
ia convex, forming the lower half of tbe occipital condyle, whieh is supported on a si 
peduncular prolongation. The basioccipital unites above and laterally with the 
eioccipitals and alispheaoidg, and in front with the basisphenoid, upon which it ri 
obliguclj, and it supports the medulla oblongata on its upper emooth euitace. 

Tbo oxoocipitols, 2, 3, ore very irregular aubtriangular bonca ; eacb is produced 
baciwBids into a peduncular process, supporting s. moiety of the upper half of the 
occipital condyle. The outer and fore part of tbo Biooeipital cjpands into the irregular 
base of the tiiangle : it is perforated by a slit for tbe eighth pair of nerves ; it articu- 
lates below with the basioccipital ; it ia eicavatcd in front to lodge the petrosal cartilage, 
where it articulates with tbe alispbeuoid ; it unites above with the luperoocipital. The 
auperoocipital, 3, is of a subrliomboidal form, sends a apino from its upper and hinder 
suifoee, eipands laterally into oblong procoaaea, is notched anteriorly, and sends down 
two thin plates fcom its under surface, bounding on the mesial side tbe surface for the 
oereboUum, and by the outer aide forming the inner and upper parts of tlie acoustic 
cavities. The superoceipit^ articulates below \rilh the eioccipitals end alispbenoids, and 
in front with the parietal, by which it la overlapped in ita whole extent. The occipital 
vertebra is as if it were sheathed in the eipanded posterior Outlet of tho parietal one 
(Fig. 17], the centrum leating on tho oblique suifaca of Ibat in front, and the anterior 
base of the neural apino entering a cavity in and being overlapped by that of the pro- 
ceding neural sjiine : tbe analogy of this kind of " emboitemejit" of tbe occipital in the 
parietal vertebra with the ^m interlocking of the ordinary vertehrs^ of tho Qrunk is very 
interesting : tbe end gained seems to be, cbi^y, an extra protection of the epOicephalon 
— the most impoTtant acgntent to life of all tbo primary divisions of the cerebro-spinal 
axis. The thickness of ita immediately protectiDg walls (formed by tho baai', ei-, and 
supcr-occipitols) is equal to that of iho eamc vertebral elements in the human skull, hut 
) moreover composed of very firm and dense tissue throughout, having no 
tbe epencephalon olsD derives a further and equally thick bony oovering from 
the bsfispbenoid and tbe parietals, the latter being overlapped by the maatoids, wluoh 
third oovering to the cerebellum. 
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The LoEupIieiioiii, S, sjid preapliciiDid, 9, form a single bone, and the cMef ksel of 
iho crsnial euperstructiire. The poetcriur articular surface looks oliliqufly upwoids 
aai biii:kwiiidB, and suppoits that of the vertebral centrum behind, as the posterior fasE 
uf the ordinary Tcrtehne supports the obliquo cup of the succaedizig Tcttabrra ; here, 
howavcr, all motion b abrogated bet«-ecQ the two vertebtto, and ttio co-adapted sur- 
is are rough and sulural. The basiaphenoid presents a smooth cerebral channel 
ttbare for Ihp meeeucepbalon, iu front of which a deep depressrion (sella) sinta abnqrtly 

ito the pipanded part of the bone, and there bifurcatt'S, each fork forming a short cul- 

e-sai: in the substance of the bone. 
The alisphenoids, 6, form the anterior half of the fenestra ovalia, which is completsd 

y the eioccipitals j nnd in their two large perforations for the posterior dlvisiona of 
the fifth pair of nerved, aa well as in their relative size and position, the aliaphenoida 
agree with those of the fiog. Eaei alispheoioid is a thick auboval piece, with a tuber- 
cular process on its under and lateral part ; it rests upon the basiaphoiioid and bosi- 
oceipital, supports the posterior part of the parietnl and a portion of the mastoid, 8, and 

nites anteriorly with the descending lateral plate of Iho parietal bonu. 

The parietal, 7, is a large and long, synunetrical, roof-ahaped bone, with a median 
longitudinal erest along its upper surface, ■where the two originally distinct moieties 
have conleaued. It is narrowest posteriorly, where it overlaps tho anpcroooipital, and 
is iliwlf oi'crlapped by the mastoid : it ia convex at ita middle part on each side cf the 
sagittal spine, and is continued downwards and inwards, to rest inunediately upon the 
baaiaphenoid. This part of tho parietal seenos to be formed by an extension of ossifica- 
tion along a membranous spaoe, like that which permanently remains so in lie frog, 
between tho alisphcnoid and orbitoapheooid : tho mesencephalon and the chief part of 
the cerebral lobes are protected by this imusiudly developed spine of the mesenoephalie 
vertebra. Tho optic foramina are oonjugational ones, between the anterior border of, 
the lalcml plnte of the parietal and the posterior border of the corresponding plate of 
tho fronta!. 

The ^ntals, H, rest hy descending lateral phites, representing connate orbito- 
sphonoida, 12, upon the attenuated, pointed prolongation of the baaiaphenoid : the upper 
surfacB of each finntal is flat, suh^nadrato, broader than long in tbo hosi, and the 
reverse in the python, where tho roof the orbit is continued outwards by a detached 
BuperorMtal bono : there is a distinct, ova!, Brticiilar surface near the anterior median 
angle of each fronUd to whii:h the prefrontal is attached : tho angle itself is slightly 
produced, to form the articular ptoceas for tho nasal hones. The smooth orbitoaphenoid 
plate of tho frontal joins the outer margin of the upper sur&ee ef the frontal at an acute 
angle ; Iho inner side of each frontal is deeply excavated for the prolongation of the 
cerebral lobes, and the cavity is converted into a canal by a median vertical plate of 
bone at the inner and anterior end of the frontal. Tho frontals join the parietals and 

ioattrontols behind, and, by the anchylosed orbital plates, the prosphenoid below, tho 
prefrontals and noaala before, and the auperorbitals at their lateral margins. The 
orbitosphcnoida have their bases extended invards, and meet below the prosencephalon 
and above the preaphenoid, as t^e neurapopbtysea of the atlas meet each other above the 
centrum. Tho anterior third part of such inwardly-produced base ia met by a downward 
production of tlio mesial margin of the frontal, fo rming a septum between the olfactory 
[irolongations of tho brain, but is nut confluent with the frontal bone : the outer portion 
of the orbitoaphcnoida ascends obliquely outw atda, and ia confluent with the onderpartof 
the frontal -, it ia amooth externally, and deeply notched posteriorly for tho opti< 
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The post-fiwita], 12, u n rooderatply long trihcdml bone, srtjciilated hy ita c^npimdcd 
cnmal end to ibe frontal and parietal, and bent Aava to rest upoc tiie outer and fore 
HDgle of the cctoptoiygoid. It doea not resell lliat bono in tbe boa, nor in ponoatnu 
aerpenti. In biHli tiie boa and pj^on it rpccives ths entn-ior sharp angle at die 
pBTii!tiiI in a nDtcb. 

The natora] segment ffbich tenoinatea flia cnuiinm onleriotlj-, anil ia ftmned by lio 
r<MBerino, prefrontal, and nasol bonea, is "verf diatinvt in the opbidinns. 

Tbo vomer, 13, ia divided, as in salamandruld fialun and batrschiaiia, bat ia odcHtc- 
louB ; each half ia a long, narrow pintc, smootb and oonTei below, oonrave above, -witii 
tlje inner niBrgin alightly raised ; jiointed fflita-imiy, and with two pmceascs, and on 
intervBning notch above tha baae of the poinled end. Tbe prefrootsls, H, are connate 
witii -flic latrymali, 73. The two bonea -which intervene between the vomerinB (md 
naral bonea are the turiiijuJs, 19 ; they are brat Inngitndinally outivards in the form of 
IV aemieylinAcr about tlie termination of the olfactory nerves. 

The Bpne of the nasal vorttbm ia divided Bymiiietrionlly, as in the frog, forming tiiE 
noiol bones, lo ; they am clongatpd, boQ-t plntee, with the shorter upper part nrching 
ontwaida and downward*, oompleting die ol&otory canal above, and iHth a Imigcr 
median plate, ibrming a vertieal wall, iqiplied doaely to ita Ibllow, ejcopt in ftnnt, 
where the nasal proceia of tha premaiiDary ia received in tiio inlcTFpnce of ihv 
naeale. 

The acoustw eapBule imaaina in great part cartilaginoua : fhcTD a no dBtathcd centre 
of oarifictttion ra it ; to whatever eitont tiiis capsule ia OBsified, it is by a cimtinnona 
extension from the aliapbeooid. lie selerotic eapsule of the eye is cliicfly fibrous, 
■with a Ibin imier layer of MUtilnp; ; the olfactory capside is in a great moisuro 
saified, as above described. 
M««ill«tTy Axch.— The palatine, S'Q, or first piece of (Ma arch, is a strong, oUong 
bone, having the inner side of ita obtuse anterior end applied to the sides of tbo 
prefrontals and turbinnla, tuid, near its pnatcTiot end, sending a short, thick process 
upwardi and inwards for ligamentous nttaohroent to the Inirymal, and a secoud 
gimilar process outwards aa the point of suspension of flio mn^'llnry bono. Between 
these prooessea tbe palatine is perforatod, and brfiind tiiem it lenninalcs in a point. 
Thachiefpartoflhemaxillaiy, 21 (Fig. i*),is ron- 
**■ '*■ tinupd forwards from its point of smpensicn, innn,«a- 

ing in deptb, and teiTninating obtusely ; a Ehortcr 
process ia also, as usual, cnnlimicd bachwards, and 
terminBtes in a point. The point of suspension of 
the jnaiillary forms a short, niuTow, paliiline pro- 
raas. A apace oeeupied by clsstie ligament intor- 
vencs between lie maxillary and tic prcmaiillnry, 
BEuu. oraoi oKiirajoioa. 22,TvliichiEeij^leandsynimBtrical,andfiimlywedgcd 

into the naaal intcTspace ; Iho anterior tipriadcd part 
of tliii «maU triangular bone supports two teeth, ^us the bony maxJUary arch is 
interrupted by two ligamenloua intermla at the ndea of die premaziUary key-bone, in 
fiuictiono] relation to the peculiar indepnid^t movements of the maxillaiy and palatine 
Vones required by serpents during the act of engulfing their usually large prey. Two 
boaes extend (pckwnrds na appcndagea to themasillary aroh : one is the "pterygoid," 
21, from the palatine ; the other the ettoptcrjgoid, 2-3, from the maiillaiy. The ptery- 
goid <s continned ftoia the posterior extremity of the pulatino to abut agttinst tha 
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tbc tympSBio peilii'lo ; tlio nuiet pErt of the anterinr half of the p1cl7foi<l la 
bMM idth tcvdi. Tbe cctopterj'gofd, SS, ffmAAot Ihc gnsmior end nf the iiiBiHk(7, 
aod il artieulntcd hy ita pnetoHor-obliguoIy <rat oud to the outer surface of the mi<Mle 
cipa&d«d part of the pterygoid. 

Bbtidlfetilliz A»h.— Tho tyfii^imia Ijone, 2i (Fig.;. 14 and 1 o), id a strong ttihedral 
pcdiclci nMJaiilated by an ahlique upper anrfiice t» the I'ni! of the tu^uid, Uid Bxfilfided 
twHUTuraeiy helow to f<mh the antPro-pntMiorly oontei, tranaveMely eonrars, candjrlo 
tfit the loTorJav. This einisi«n ohlefl; ef fui actkaliu- and a dcatsty, iritli a mmU 
ctmiDoid and s]4oiim. piero, The aiHtnilor pieos ends obturoly, inuaedlRtely bdiind 
the tnmdyle ; it is a little cotttmetcd in flvnt of it, Mi gradunUf ezpatada to it 
port, wnds up tva Uxon pruBMss, thou auddenly cebbnMa imd terautiatra in a point 
ved^ into die poateriot smd mitEr nntiih ef tbe dentaly plMc. Ths articuhir is deeplj- 
Crootod ahavc, and produced into a Hitge beluw, Tbe coi'Oiioid is a short uompr 
plate i the Bplenial ia a longri-, sleuder plite, applied to Iho iancr sida of the arUtukr 
and dentory, and olnEiog the grooTe nn Iho ianar aidn of tha latter, The OUtet side of 
tile dcnhiry ofibra a single pCTforation nc«r lU sntBrior eml, which is united to that 
of OiB nppoiita rnmuB by claMJa lignmost. 

By the aboTe-deaeribed mode of union of the oitromiUes of the maxillsry and Baa- 
dibolar bonei, tiiosii □□ tha right side can be diann npitrt from those on iho left, and 
the mouth taa bo opened Bot only TKrticiiIly, aa in other vertebralo animiQa, but alao 
trHDEveracly, as in insixts. Tjerr^ the bonea of the mouth that support teeth in the 
^cat constrietln^ scrpente, they offer tfao ippaanmcc of six juwa — four abovo and tn-o 
bolow ; the iaoec pair of Java aboTe are formed by iho palatino and pterygoid bouca, 

the outCT pair by the nmnllMiM, the under pair by thu mandibles, ot "rami," as tlicy 
are (ermed, of the loner jaw. 

Each of these six jawa, mortover, bsaidea the mowmcnta vtrticolly and laterally, 
oan bo protruded and retraeted, independently of tho other ! by these worementB the 
boa )« enabled to retain and aiowly enijulf ita prey, which may be mueh larger than its 
owTibSdy. At tho first ieieuw llie bead of the prey ia held Hrmlyby the long andaliarp 
reciiTTCd teeth of all the jsus, whilat the body ia orudied by the OTerlapping euila of tile 
aerpent ; tbe death-struggle* haying eeoied, the conalrictor slowly uncoHa, and tJio head 
of tho prey la bedewed with art abundant alimy mucus ; one jaw ia tlien unfiled, and 
ila t«elh withdnnm by being pushed forward, when they are egain infiiod, further baok 
upon the prey ; the next jaw ia then unfixed, protruded, and leattsehed ; and so With 
the rest in mermaion — this moTement of pratrartion being almnst theoniyooeof whieh 
they are tiisoeptible whilat atret«hcd apart to the 
Oi*omp»99ed by tlipm; thus, by their eueoeaaivo 
mwremonti, it ia slowly and apinUly inlwdilced 
into the wide gullet. 

Tho bones of tba mouth, in tbe poiaonona ner- 
pcubf, haTO chnraoters distinct from thoae of the 
oonstriefinK iPr[lBn(a, These chnrsctera oonaist 
ehieUy in the tnodifieation of fbrm and attitch- 
moala of tho superior maxillary bune (Fig. lo), 
21, whioh ia moveably artioulatcd to the pnln- 
tine, ectopt<!tyg<ud, and laerymal bonea ; but rfiiefly supported by the bitter, which 
presenta the (brm of a short, strong, three-sided pedicle, extending from t' 
anterior external anple of the frontal to the anteriiir and upper fart of <t '" ~ 
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artionlar suifiuie of tlio msiiliary is slightly concave, of an oval Ehapa ; lie aurEioe arti- 
tolating with the eetoplerygoid oa the posterior and upper part of the masillary is emaller 
and eonvei. The maxiUajy bone is puoheil forwnrd and rotated upon the Iflcrymal joint 
by the adyanca of the cctopterygoids, which ore associated with the moycmenlB of tin 
tympanio pedido of the lower jaw by meona of the true plorpgoid boneo. The pro- 
maxiUary hoae (Fig. 13), 22, is edcntnlous. A single, long, pcrfumtGd poison-fang is 
anchylosed to the right maxillary, and sometimes two similar fangs, as in the cobra 
figured in Cut 13. The palatine bones haTe four or fiye, and the pterygoids irooi eight 
la ten small, imperforate, pointed, and recurved teeth. The frontal bones are broader 
t^jni they are long ; there are no superorbitala. A strong ridge is devoloped from the 
nnder surface of the basisphenoid, and a long and strong recurved hypapophysis &om 
that of thu hasioccipitid ; these give insertion to the powerful " longi-colli" muscles by 
which the downward stroke of the head is. performed in the infliction of &e wound by 
the poison-fangs. 

The oharaoteristies of the tnuJc-Tcrtctme of the ophidian reptiles are as follow : — 
Tho autogenous elements, ciccpt the pleurapophyaea (Fig. 16), pi, coalesce with one 
another in tto Tcrtelmn of the trunk ; and the plcurapophysea also beoome anchyloaed 
to tho diapopb3'BGa in those of tho tail. There is no trace of suture between the neural 
arch (i3.), n, and centrum, e, Tho Duter suhatanee of Iho vortahra is compact, with a 
„. „ smooth or polished surfaco. The vertebra; are " proooalian ;" 

tbat is, thoy are articulated together by hall-and-soclcet joints, 
the socliet being on the fore part of the centrum, where it 
forms a deep cup with its iim sharply defined ; the cavity 
looldng not directly forwards, but a little downwards, fitim the 
greater prominEnca of the upper hordcr ; tho woU-tumed pro- 
minent ball terminates the bade part of the centrum rather more 
obliquely, its aspect heii^ backwards and upwards. The hypa- 
pophysis, ht/, is developed in diffiirent proportions from diiFer- 
ent vertebne, but throughout tio greater part of the trunk pre- 
sents a considerable siie in the cobra and crotnlus (Figs, 13 
i6),iiyi it is shorter in the python and boa. A vaaoular catml 
perfbratcB tho under surfaco of the centrum, and theto are 
three smaller foramina. In the python a large, vertically 
oblong, but short diapophysia eitends from the fore part of the side of the centrum 
obliquEly backwards - it is covered by tha articular surfiioo for the rib, convo.t length- 
wise and convei vcrtioally at its upper half, hut slightly ooiu»ve at its lower half. 
In the rattlesnake tho lUapophysis developos a small, circumscribed, artioQier tubercle, 
rf, for tho free vertebral rih or pleurapnphyais, pi ; a parapophysis, p, eitonds down- 
wards and forwards below the level of tho centrum ; the anterior zygapophyaia, e, 
seems to be supported by a similar process from the upper end of tho diapophyais. 
The base of the neural arch swells outwaid fima its confluence with tho centrum, and 
devclopca from each angle a transversely-elongated zygapophysis ; that firom 1 
anterior angle looting upwards, that from, the posterior angle downwards, both surfaces 
being flat, and almost horizontal, as in tho batrachiana. The neural canal is narrow ; 
the neural spine, m, is of moderate height, about equal to its antero-posttrior eib 
it is compressed and truncate. A wedge-shaped prorsss (the " xygosphena"), m, is 
devolopedfium the fore part of the base of tho apino; the lowur apes of the wedge being, 
~ ' ' sloping sides pjesenting two smooth, flat, artloultU' surtaees. 
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This wirfge is raoBiTfid into a cavity (tbo " zygantrimi") oscavated in the poaterio 
eipanaion of thu neural aroh, and having two amoath. iLrticular suifilces lo wluoh the 
Eygoaphnmil eui&ces are adapted. 

Thm tto vartobrat of seqienla artioulale with each other by eight jointa in 
additinn to those of tlio enp anil ball on tie eentriun ; and interlock by parts reoi- 
proeally receiving and entering one another, iitc the jointa call^^d tenon- ond-mortioe in 
cotpcnlry. In the caudal vertebne, tlie hyjapophyaifl ia double, the tranaition being 
o^ted by its progressive bifurcation in tin poaterior abdominal vertebrce. The 
diapophysea become mudi longer in Iho oaudal vBrtebra;, and support in the anterior 
ones short ribs whieb UHnally becomo anohylosad to their oxtrcmitiGa, 

The pleuiapophyses or vertabral riha in u^rpents have aji oblong articular surface, 
concave above and almost flat below in the python, vith a. tubercle doveloped &om the 
upp^ part, and a rough Hur&co oxcavatod on tiio fore port of the expanded head for the 
insertion of the prccostal ligament. They Lavo a large modullaxy cavity, vith dense 
but thin walls, and a fine cancellous structwo at their articular ends. Their loivor 
end supports a short cartilaginous lismapopKyaia, which is attached to (ho broad and 
stiff abdominal stute. Theso scutoa, alternately raised and depressed by muscles 
attached to tbo ribs and integument, ud in tlie gliding movements of serpents ; and the 
ribs, like the legs in the centipede, subsorys locomotion ; but they have also accegaory 
functions in relation to breathing and oonstnction. The anterior ribs in the cobra (Fig. 
13), pi, are unusually long, and are slightly bent ; they con bo folded back one upon 
another, and can bo drawn forward, or erected, when they enatain a fold of integument, 
peculiarly coloured in some species — e.g., tlic spectacled cobra — and which has the oSeOt 
of making this venDmoita snake more conspicuous at l^e moment when it is about to 
inflict its deadly bite. The liba commence in the cobra, as in other serpents, at the 
third vertebra &om the head. 

The centrum of the first vertebra ooalesoas with that of the second, and its place ia 
taken by an autogenous hypapophyaia : this, in the python, is articulated by suture to 
the nenrapophyaes ; it also presenta a oonoavD articular surface anteriorly for the lower 
part of the baaioecipital tubercle, and a similsr surfikce behind for the detached central 
part of the body of the atlas, or "odontoid process of the axis." The base of each 
neurapophyiia has an antcro-intemal articular surface for the exoccipltal tubercle, tho 
middle one for the hypapophysis, and a postero-intomal surface for the upper and lateral 
ports of the odontoid ; they thus rest on both tho separated parts of their proper oen- 
trum. Tho uournpophysca expand and arch over tho neural Canal, but meet without 
eoaloscing. There is no neural spine. Each ncurapophysis developes &om its upper 
and hinder border a short iiygapophysis, and from its aide a still shorter diapophysis. 
In the second vertebra, the odontoid presenta a convex tubercle anteriorly, which fills 
up tho articular cavity in tho atlas fur the occipital tubende ; below this is the surfiiea 
for the hypapophysiol part of the atlas, and ubove and behind it are the two surfaces 
for the atlantal neurapopbyses. Tho whole posterior surface of the odontoid is 
ancbylosed to tho proper centrum of the axis, and in part to its hypapophysis. 
The neural arch of the axis developes a short ribless diapophysis from each side 
of its base ; a thick sub-bifid lygapophysia from each side of the posterior margin ; 
and a moderately long bent-back spine from its upper part. The Cdnlrum termi- 
nates in a ball behind, and below this sends downwards and backwards a long 
hypapophysis. 

At the opposite extreme of the elongated body, two or three auoh simgliSed 
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TBTtebrs are usoaU; fouod blen<le4 together, la true aorpenU tliara are no sc^n- 
lar UTch nod appeulagcs, iio bIdhiuid, nfi nacruiu; but a poic of alemltir iionni, 
often EUppurtJng a second boac, armed witk a clan', uru tuuuJ HUspcaded oa the Heslt 
aeac the veat. Xbe exposed pojis uf tboao appoiidu^B an> (called " tmsl hookd ;" the 
porta thenieelTes, like tic similarly siiflpendcd ventral fiaa uf tliL' piii:, are nuUniento or 
hindlimba. 

SerpeoU bare buoa regarded m aniin.ali degraded from a higher type ; but their 
whole o^siUEatioo. and eapc-uiiilly their "bimy atruutucc, (lamonBtrate tliat Cheic parts 
are as exquisitely adjusted to the Ibrm of their whoU, and to their liabita aud sphere of 
the organiEatiDa uf any uum^L which wo <;all BUp^rior t« th^m. It ii tnto 
ihdt tiie serpent baa ao limbs, yyt it can outoUmb the monl^uy, outawim ibu fish, oiMleap 
the jerboa, nnd, auddcoly h)ofing the cloao eoiLi of its cruuehiug apirul, it can spring into 
the air uid seize the bird upon the wing : all Iheae ereaturaa havo been Dbaersed to'fcll 
its prey. The »trpent hta neilior handa nor toloua, yet it can outsitsUe the athlete 
und orust, the ligcE io the embraco of ita [landerouB overlapping fohia, Inatend of 
linking up ita ibod as it glidea along, the aecpcnt nplifld Ita oniahed prey, ani] presents 
it, grasped in the desth-ooil as in a tiaod, to ita alimy gaping moutlt. 

It ia truly wonderful to ai.<o the work of hands, feet, and Sas perfonned by a modi- 
ficMioB of the Tortcbral coluniii— by a multiplicaliun irf its acpnonta wilii mobility 
of ita ribs. But the vertebne aro apeeially nwdilltd. aa wo hare seen, to eumpeoaate, 
by the strength of their □umi:rou» artteulatiunx, for tbe weBkncBSS of their maniiUd 
repetition, imd the eonsciiuent eloagatioii of tlis slender column. As atipenls rooyo 
ckiElIy OB thfl anrfa^o of the earth, their dangor ia greatest from presaUio and blows 
Irom abux'e ; all the joint) tan ^liioned uuordiagly to reaiat yieldiug, and 

a a lertiesl direetien ; there ia no naturfil undulution of the body upwanls 
and downwurda — it i^ permitted only irom side to aide. So closely aad oon»p«etly do 
a pure of joints between eai'b of the two hundred or thii'o hundred yertebrie St 
together, that OTsa iu tbi^ relaxed and d>^ slate the body Dsnnot be twisted except ia 
ia of aide euila. In tbe gonstruotion of the skidl, whiiJi baa mi^ritcd a doacr 
la iettiH, aud well deaeivea a eloae study, tbe thiclineaa and density of the cranial 
bones muat strike the mind as a apewal proviaion agaJnat fracture and injury to ths 
braiq. "When wc coutempUlo the still mora remarkable 
D^ce- SiftLed, one over anoth^D, tibe aapeiocei- 
pitol (Fig- 1 7), 3, ovetli^ping the BJtocoipilal, 1, 
luid tb^ parietal, 7, ove.cliipjiin^ tbe aupcrocci- 
pitftl,— the aatwal «ogaioiita or rertcbno oftbo 
eraniw being sVatbed, one within the other, 
li^ the correB|)oiuliit|[ avgmi^ita in tbe tnuLk, 
re cannot but djicem a, apuaal adaptot^HL in 
Strui-ture oil asrpcnla to their eonmioolx 
DO position, and a prorislon, ouinplilled tu 
auuh structure, of the d<uigera to whiub they aetnos ur ieull, boa costriucioa. 

would be subject from laliiitg bodies ojul tliG tread of heary heaBta. ilany other 
ei;uaUy beau'aiul inaUniiea i^ desi(^ niiglit be cited &om tbe orgaiUEation of axpenta, 
in ivlatiun tu the neceaaitt^ ef tluiir i^udal vermiforsi cboracteE ; juat aa the iniikt;~Ukii 
'a compeoaalcd by analogous modifiinitiona unongat flabc^, and the Emake-like cec- 
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itioo Irom the oiihidian, or snake-like, to tbe 



VliUTEBnS AND BKVIL OF THE LIZARD, 

Isaertiiui, or lizud-llke ntptiLea, in veiy gi^ual anA oaay, if q-c poas from the Krpt.iiU 
with fixed jawa mul a acapular areh. — ajd, e- g.^ tliu slc^-womia (an^ui') — to iho Ber- 
|)eii.Cifcrai lizardd with mera rudimDUU af limlM — ia, t. g., ibe psoudapus. The diatiai;- 
tion ii eBbctod tiuongli the eatsMishmeat of a ciMtiJ. iirvh in the trunk, <»m^stad by 
tbo addition of n bseaai ipioe (sternum] ami luemapcph^ses (aConuiI ribs) to tlie pleor- 
npophjTics or rortebial ribs, wMeh are slono ossified ia optddia. 

Th fl vcrtelirs nC tfaa tmnk iiAVB tho Bume proaaiiiau d^muHir, t. e. viih thu i^np 
cntoior ami tliu ball benind ; iba lattar bifiiig usually loss prominent, mora ubliquc, 
and more transversely oval thim in Borpeaita. TJie vertcbim ako are cnimuonly larger, 
and always &wt in Dumlier tluLa in the tyx^col ^^hidiiL. Ihe ribs da not begin to he 
jL'volopad ao nuixr the head in liionb. Nut only the atlas and dantata, hut loinetiDUs, 
aa in the Duuilor (tntniivia), the four f<iUa\ring vcrtelirte &re devoid of plean^phfies , \t 
and vbcB thdse Srst appear thsy are short, nnd sometimiia (as in ei/tlodM) expanded at 
th^ Citremitiiia. They rapidly elongate ta succeeding TSrtobnE, and usuiUly xt the 
ninUi irom the head {eyeiodia, iguana), or tenth (varanua), they are joined thnjugh - 
the medium of ossified hataixpophyaes to the sternum ; tvo {caranm), three (I'/ionv/irii, 
^wimi), ur tuar (ejuiiiAu), fbUoviBg vertubrDS arc similacly completed ; and tbon the 
ha-mapopliyscs ktc either anitfld bolov wilhont Intervening sternum (oAoneibo), o 
three of them flee joinsil by a oommnn cartil^jc to the cirtilaginoua end of tl» stemun. 
Tbi; biemBpapbyaeB afterwards projeut fntcly, and ore reduced to ihurt appondagea tn 
the pleumpaphysei. Thisc also shorten, and aometimos auddenly, as, e. g., after the 
eighteenth vertebra ia the monitora {tai-iimia), in which they end at the tTcnty-ei^th 
vertebra, aa they began, li^., in the form of short Gtraight appendages to tho dia- 
pophysofl. 

The Sying lilard (Draen Bolaaa), ia so eoUcd on oecoiiiit of tho wing-like expansions 
from the sides of its body, supported, like the hood of the cobra, by alondcr elongatEid 
riba. In Ibis littlo lizard there aro twenty Tertcbns aupptsUng moveable riba, n'hich 
caramenao apparently at the fifth. Those of the eighth vertebra first join the sternum, 
OB do tboso of the ninth and tenth ; the tdcuis^phyBeSi of the eleventh vertebra lud- 
cknly nequira extrmns length ; those of the five following vertebns ari! also long anit 
slander ; they enend outwurda and baukwards, and support Hie paraohute fiinaed by 
the broad lataial ibid of the abdoioinal mtegunumCs. The pleurapophyses of Ibij seven- 
teuot^ vertubni beuomci suddenly ahurter, and these elementa progressively dinuoidi 
to tho sacrum : this conmsta of two vortcbrcG, inodi^ed aa in other lizorda. There are 
about fifiy caudal vartsbRi:. 

Th» Bcmi-osaificd stonum in the iguana haa a roediiia groove and Saaurc, and 
roadiiy separate* into two lateral moiofiea. The long stem, of tho episteniiui 
thf outer part of the graove, vhcrs it repreaeatd tho ted ef tho stiTnuni in birds. 

In the akull of the lixard order we first mast with a second bony bar, diverging 
tiom tho maxillary arch boclcwarda. and aliuitting against the nustoid, and aamotimDa 

usually eonsiats ot two bones — the one next Ihu maxillary is tho "malar," 2" 

tho tortoise, and first received it, as " para aquamoBa," in man, where it id not ordy 
titosBnattaak, batbecomesconfluent witkbobbthc mastoidandtirmptDiie. Bu£,aahaa 
beat befbia ram a r lm d, va must lae the tems invented by authropotomiBta as aifci tHtry 
aigns tif tba correspundiji^ bones in the lower aireation. 

The awpok in the aiaailcr (paj-aniu) is a triangaUr plate with a 
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CDDcsTS hind borJoT, aud a necrly stnuglit front border ; the apex U thick ami truncate, 
with an oval aurfaco divided into two facets. Tho hind border forma a part of the 
glenoid cavity ; the i^nt one is a. lougb cpiphTeial sur&oo, contiauoua with a similar 
but niuTower tract, eitending upon tbc anterior border, and by Thioh the Bcapula 
articulates with the coiscoid. In the iguanians and ecinooids this EynchondrDsia ic 
obliterated, and the ivo bones are eonSuent. The hind border of the scapula is nearly 
straight — the &ont one aende forwards a pmcess dividing it into two deep marginations. 
Tho coracoid in both the varanus and iguana is short and broad ; its mpin body, 
which articulatoa with the sternum, is shaped like an axe-blade, and two strong, straight, 
compressed proccsaea cstend forwards fivm its neck, which is perforated between the 
origins of these processes and the part forming tho glenoid articulations. 

The clavicloa are aimple sigmoid atylea in the varanus and iguana ; are bent upon 
Ihcmaelvia, like tlie Australian boomerang, in the cyclodus ; and have the median part of 
the bend expanded and perforated in lacerta and scincns. Xhey are absent in tho 
ohamclcon. 

The sacial vertobrK retain, in some lacertians, the cup-and-ball joints ; and in 
these — G-ff-i tho acincoids — in which the centnuna coalesce, the hind end of the second 
presents a ball to the first caudal — not a cup, aa in tho crocodile. In the cyelodus tho 
thiiik, ahort, straight plenrapophyaes are distinct at their origins &om the two coalesced 
centrums, but coaleaco at their ends, that of the firat eocral boing-tho thickest. In 
iranuB and iguana the pleurapophyscs, as well as the centrums, retain (heir dls- 
nctnesB, but the hinder ribs inclino forwards and touch the expanded ends of the fore 
pair. These ends are very thick, and aro scooped out obliquely behind, so as to pr^^nt 
. curved border to the ilium, which Curier compares to a horse-shoo. 

In tho varanus and ignana the plenrapophyaes of the £rst caudal incline backwards 
B much as those of the second sacral do forwards. In the cyelodus they eitend 
utworda, parallel with those of the sacral vertebras, and are longitudinally grooved 
beneath. Hiemapopbyses are wanting in tho first caudal, aro doveloped in the second, 
. ore displaced to the interval between tins and the third ; they aro confluent at Ihejr 
al end, and produced into a long spine. At the twelfth tail-vertebra the line is 
obvious that indicates the extent of the anterior detached piece, or epiphysis, of the 
centrum, immediately in. front of thn origin of the diapophysca ; it continno.1 marking 
~ the anterior third of tho centrum in all the other caudala. At this lino the tail 
ps off, when a lizard cscapca by the common ruae of leaving tho part of the tail by 
which it has been acized in the hands of the bolSed puraucr. It is a very curious cho- 
acter, and quite pecoliar to the lacertians — this ossification of the centrum &oin two 
lainU and their incomplete eoalcaccncc : it adds nothing to iha power of bending, or 
a any other action of tho tail, but indicates a previaion of the liability to their being 
aught by their long tail, and may be interpreted oa a provision Ibr their escape. The 
neural arch has coalesced with the centrum throughout the tail : the epiphysial line does 
n extond tjmiugh that arch ; but its thin and brittle walls soon break, when tiie two 
parts of the centrum are forcibly separated . 

Lizarda, as is well known, have the power of reproducing the tail, but the vertebral 
ixis is never ossified in the now-formed part. 

OsteologT of CtooodlleB.— The numerous and varied forma of foaail bones of 
Ixtinct reptiles derive most elucidation &oin the akokton of the higher organined sauiia 
if Cnvier, which now are rightly held to constitnto a distinct order, called Zori/aia oi 
Ch-oeodSia : a more complete description, thereibre, will be given of tho skeleton of 




SKELETON OF TEE 



the lacertdBn group of 





Commencing with Iha trani, the fiist and siicund TcrtcluiB of the neck aje pecu- 
liarly modified in most dr-biealliiDg vertelriLl^ and 
^' hsve accordingly received ths special names, the one 

of " atlaa," the other of " aiis." In compaiatiTa 
onafom; thes« bcrome arbitrary terms, the pcopeitieB 
being soon lust which suggested Ihoec namea to the 
human nnatornist ; the "atlae," e.g., has no power of 
rotation upon the "aiis," in the crocodile, and it is only 
in the upright skeleton of man that the large glohnlar 
head is sustsjned upon tho shoulder-lihe prooessos of 
the " atlas." In the erocodilei these TOrtehrffl are con- 
cealed hy the peculioriy prolonged angle of the lower 
jaw in the side view of the skeleton (Fig. 18), and a 
figure of tho two vertehraj is therefijre subjoined (Pig. 19). The pleurapophyacs, 
}>!, ore retained in both segments, as in all the other vertebral of the trunk. That of 
the atlas, ji^ a, is a aimplo slcndur style, articulated by the head only, to the " hypapo- 
physis," ahy. The nenrapophyses, «a, of the atlas retain their primitiTe dietinctnesB ; 
eoeh rests in part upon the proper body of the atlas, ca, !u part upon the hypapophysis. 
Tho neural apine, ni, a, is also here an indepondcnt part, and rests upon the upper 
ties of the neurapophysoB. It is broad and flat, and prepares us for the further 
metamorphosis of the coireaponding element in the cranial vertebrEC. 

u of the atlas, ca, called the "' odontoid process of the g^ia" in human 
anatomy, here supports the abnnrmaUy-adTonced rib of the^ atojertebta, p!, x. The 
proper centrum of tho axis Ycrtcbra, tr, is the only one in tB*' cervical series which 
3t support a rib ; it articulates by suturo with its neumpophyses, ru, and is 
characterized by having its anterior aurface flat, and its posterior one eonvei. 

With tho exception of the two sacral vertobriE, tho bodies of which have one arti- 
cular suiflujo flat and the other concave, and of the first caudal vertebra, the body of 
which has both articuhir surfaces convoi, tho bodies of all the vertebral beyond the aads 
haye the anterior articular surface concave, and the posterior one convoi, and ortioulato 
with one another by ball-and-socket joints. This type of vertebra, which I havo 
termed "proocBlian" (irpoi, before, «oiAoi, concave), characteriiea all Iho existing 
gcnen and species of the order CrtKodilia veith all the estinct species of the tertiary 
periods, and also two eitinct species of tho green-aand formstion in Now Jeraey.* 

' aturtnly Jatunil of lbs GcDloricnI Boekty," Kavember, ISU. 
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Here, BO facna our preEeot knovledge cxtcsila, the t]rpe wni lost^ luul other dispoetti 
nf ttu ai'Scnlar aurfacea ol' the ccntnun occur in tJu' verW'bnc of the crocoililia of tiifl 
oilier acoundnry foniiQtion=, TKc unly knoivn ctocodiHna gcnijfl of the periods antc- 
cEtlont to the clialk and gFeju-soad depiMits aith Ti'rtebne orticuloted together lij" 
l>all-tklLd-soel?t jdiiit^ httn ths poaitiiiii of the n^ sul tho ball the reverac of tliat in 
the msdafa emcodileB, scdoiM gmos, tinra cbmctsrixcd I7 Tratebne of the "opistho- 
cCbUiid" type {mtitVus, behind, leakat, csae-ar^ lias necordingly been termed iticpto- 
Bpondylus, eigiiifyiug " Tartebno rerCTsed. " But th» most preTalcnt type of Tertebra 
imiongit tho eioeadiUk if the secondary poiiodi ina thnt in which both nrtieokl 
Burihces of the centrum -were concave, but in & less degree than in the single concafo 
eurfoce of the rertchnD united by ball and. loeket. Vortobroi ot this " iinipliiea>lion" 
type (0^1, both, toiAdi, concare) existed in the teleoaauma and steoonsaurus. In 
the ichthyosaurua the coucove aurfacea aro usunllj dooponcd tu tlio eilent and ia th& 
form fhowTi in those otthaEah (Cuts). Somo of tho moat jiigiintic if the crocndlEQ of 
the Beewiaary ?tnrta had one end of the vertobm! centrum fluttennil, god the Other 
(hinder) end enncavc ; this " platjccelian" type (■Amii, flat, xoi^o!, concavo) ith find 
in tlie ilonal and caudal vertebra! of tho gigantic eetiosaurua. 

With a Cew exceptions, all tho modem repCilGa of the nidcr tacertilia Kara the 
aotne proca^Iian type of vertehna aa tho mailetn ciocadiliR, and tho oimut atlutturo \ 
vailed as fur back Ba the penod of the moaoeaariia, ajid in i^omo aiv&Ela mffmhos of the 
Iwertiliui ocdtir in the crctatcous and ircoldt'n qioe^ 

ItCEnmini; the special description of the osteology of the modem crocodilin, 70 finil 
the procralion type of centrum CEtablished in the third cervical, which ie ahortor but 
hronder tboa the second ; a purapophyeis U dsrelopcd from tho Bide of tha cenlium, and 
a diapophyBii &Dm tho baae of the Deuicl arch 1 the pleurapophysis h Ehortcr, its fi:ted 
eiti^^mity ia bifid, aiticnloling to the tn'o above-named proucssea 1 ita &ea o^itrsmity 
expands, and its snteiior angle ia dirccteiE forwarde to abut against the inner Buiiucl 
t^ extremity of the rib of both the ude and atlns, vhttat its posterior prolDUgal 
overlaps the rib of the fourth vertebra. The Bomo general characters and imbiicatcJ 
ooadaptution of the ribs (Fig. IB), pi, chanicterizo the succeeding corvieal Tcrtcbna tt 
the seventh inclusive, lie hypopophysia progrcBsivcly thoiighth slightly incteaaing in 
size. In the eighth carvienl the rib becomes elongat^rd and slender; the anterior angla 
13 almost or qtiitc suppiesaed, and the postirior ono more developed and produced mora 
doTTiTvardB, bo as to fcim tho body of tha rib, nhich terminatosi however, in a ijac point. 
In. tie ninth cervical, tho rib i» inorcaseJ in. Icngti, hut in still what would ho termed n 
"Also" or "f eating rib" in anthnipotomy. 

In the Buocccdiug vertebra tho pleurapophysia niticulalos wili a h[emnpophyais, 
and tlie baonaL aich is completi^d by a h«mal epine ; and by thia completion of tho 
typical aegment We diftinguioli the eotnmcucomcnt of the aeriea of dorsal Yettcbni;(i£.),D, 
^ith regard to the ao-callad " perforaiian of tho tnutavcrso poccSB" this equaDj exists 
n tlie present virtchra, as in tho eemcals ; on the other hand, the ccrrleal vcrtcbne 
cipially show sur&ces for tlio articulatiDa of ribs, Tho typical chacactfita of Ihe acg- 

it, due to tho coB^iIetian of both neural isd hnmal arohea, aro contmuoil in some 
species, of oroeodilia to the siitconth, in some (cnKudilut aculat) to the Eighteenth 
vcrtabnt. In. tho rreaulilia aeulsf and the aBignlor lueita tha hicmapophyEis of tlis 
eighth dsraal tib (aevcstccnih segment from, thi: head) joins that of Iho anCeeodent tct- 
tebra. The pleurapophyaoa projv'ct freely outn-ards, and become " floating riba" in tho 
eighteenth, ninctaenth, and twentieth Tectabrv,. in wltich. they beconia lapidly shorter. 
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and in the last appear as mere ^peadogea to Q>b sdA of tbo long njid brood ditpcipItyBcB -■ 
but the luBinonDphyfT-shv n-, inoanj disappcor aStei tho fiiluljon of tlicir union with 
tWir plmirupuphyaijs ; thoy are eaaentially nrdependent elenjfnis of the iM'gmuiit, uiii 
tii^ are coutiuued, tUeiofani, in poira alung the rualrol aarfico of the abdomen of llu 
cnKudiliiL, ai fiir as their modified tiomotrpcs the puUc booea. They ue more or less 
usgiiied, and arc generally divided into tvru or thiee pieces. 

Tho lumbar vertebrm ace those io vhich the diapophysas oesse to support moveabU 
plourapophyaes, although they are elongated by the cosleariPd rudiments of saiii 
irbioh aj« diatinct in ttie young urocodilia. Tho len^^th and persiatest individuality 
oi mure or fewer of tluso ludimGnlal rtba determined the number of tb^ donal and 
hinbar vertebne lespaetivdy, aod esemplifleB the purely artificial chameter of tl 
diatiiiCtion. The number of vcrtcbnn or Eog:mcut3 bolwecn the aliult and the socrur 
in all the arooodilia I hava yet aaBminud, is Iwcnty-i'om-. In the nkelotou of a gawl i 
have moa. thirteen doreil and two himbar; ia ehat of a crocodilus cBtaphiaotua tv 
dwaal and three lumbar ', in ikuBO of a crocoililud acutoa uul alligator luciuB, eloTen 
dorsal uail four lumbw, and tliia k the most oanuBon number ; but tc the skeleton of 
the cioeodile, probably the apectea called croc, bipurcatua, deecribed by Cavier, he 
giTea five na the numbet of the lumbar vertebrtB, But theae varlotiea in thu devdop- 
meut or ooaleaoenou uf die stunted pluurapopky^ia are of little essential moment ; and 
oidjr servo to show the artificial oharoetcr of the "doraal" and " himbot" yertrbrre. 
Th« Boaleaeeuw ol' the rib nrith the diapophyals ofaliteratea of iiouran tho charaotei of 
tha " ao3tei ortioiilHr aurfaces," which we ha<r« seen to be common to both dorsal end 
corviual rertebi-is. The lunbar zygapnphyseaJiaTe their artioalar surfaeea almoat hori- 
zontal, and thu dtapophyses, if not longer, have their nntciu-pusCurior uitenl somsThat 
inereased ; they are much deprosaed^ or iiaCtenod horizontally. 

Tho sncrai yertebrffl aro very diatinclly marked by the flatness of the eoidapted ends 
of theh; centrums ; thero ore never more than two such vertebrm iatho Eroeoditiaieceat 
0> extinct : in tlie first the onteriur sut&ee uf the eenttum ia concave ; in the second 
it is tbe posterior sarbea ; the iirgnpoiJiysci axe not obliterated in either of these soctbI 
vertebra, so that the sspcots of their articular BNr&iie— npwacda in the anterior pair, 
dowRwiuda in the posterioi' pair — determines at once tlie comspomliBg extremity of a 
iktai:hod HierBl vortebm. Tho Ihiek and strong tranavFtBe proceB».>s form aooChcr 
oharsotoristia of theso vsrtebcm ; for a long period tlu> satunt ncer their base reaains Co 
Bhow how large a proportion is formed by the pleuiapophysiil. This element nrtiiu- 
lates mora wildi tile centrum tjian with the diapi^hyiii developed &am the neural arch ; ' 
it termUUMaby a rou§^ tnmcate, expanded calieitiity, which almost oi <iuiCa joins 
that of the sifiulsrly but mar* expended lib of the other sacral vertebne. Agaiost tbeae | 
citreniitica is ujipLied a supirfemtTitory EoataJ piece, serially hrmol<^ufl with the 
appeBdngo tu the proper pleBiapopbyiiB in the dorsal vertebne, biU hem intcrpoiing- 
ilswlf butweeu the pteurapophj-sea and hannBpophysis of both EOsrul Tcrtobnc, not o. 
OHe only. This iRKrmediate pleurapophyaiol appendage is cnSed the " iliun ;" it ia- 
sllon, iMck, very brood, and wbtriangolar, the lower truncated apex fonoiag with tho 
ceaaected extremities of ^ohsmspi^hysisanTirtii'ulBr cavity foi the diverging appeod- 
age, kallad tlui " hiod leg." The ImmapophyEia of tho anterior sacral vertebia ia called 
"poMl," 84; it itmudaMlrfy hmg and slcnd^T, but expanded sndSattsned at its lower 
Ditremity, whiuhis directed forwards towards that of itafcEow, and joined to it tlirough 
the inbiBDadiiuai of a luoad, cBrtLkgiacus,.lueuial sfaae, completing the hmmel canal. 
The pustsrinr 1iiaiM90[Aysis, 63, ia bruoder, sutidegccased, and subtiiaiigulai, expondioe 
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03 a approschca ita fellow to complL'tB the second hmmal aieh ; it ia termod " isohiuDj." 
The grent doTelopment of all the elcmenls of these hmmal archce, and tlie pcnuliar and 
dietinetiye forms of those that have thereby acquired, from tho earliest da«ii of an 
mical Bciflneo, special names, (elates physiolo^cally to the functions of tlie diverging 
appendaga which is deyoloped into a poleat locomotive member. This limb appertains 
properly, as tha proportion eonlributcd hy tho ijchium to the articular aockoc and the 
grefltCT breadth of the plourapoph jsis show, (o the seeond sacral yertebra ; to which the 
ilium ehicdy fatlongs. 

The first caudal yertebra, which presents a ball for articulating with a cup on the 
back part of tho last sacral, retains, oovorthclesE, tho typical position of Ihe ball on 
hack part of the centrum ; it is thus bicouTos, and tho only vertobra of the si 
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Tho first caudal yertebra, morooycr, is distingnishcd &om tho roat by having ni 
articular surfaces for the hiomapophyscs, which in the succeeding caudala form a hismal 
OTch, liko the neurapophysoa abuvi', by articulating directly with the cent 
oroh BO formed has its base not appKed over the middle of a single centrum, bull, like 
the neura! arch in the back of the tortoise and aacrum of the bird, aorosi the interspace 
between two centnuns. Tho first hasmal arch of the tail belongs, however, to the 
second caudal yertebra, bat it is displaced a little backwards from its typteol position. 

The caudal hiemapophyEUB, h h, coaleeco at theii lower or distal ends, fi?om which a 
spinous proccaa is prolonged downwaida and backwards; this grows ahoilor towaida 
the cud of the toil, liut is compressed and someirhat c:ipand(id anlcio-poateiiorl)-. The 
htema] arch go constitnted has received the name of " chevron bone." 

It it very true, aa Cnvier said in the last lecture ho deliycred, " if wo wecu agreed 
as to tho crocodile's head, we should be so as to that of other animals ; because the 
erooodilo ia intermediale between raammala, birds, andfiahea." Accordingly, the follow- 
ing desoription of tho crocodile's skull is eocitensivo with that of ihu fish; if the 
answerable bones are rightly determined botwcen these, their correapondcnco with 
those of other vertebratos will be iacilitatcd. Tho diffieulticB in coniprehendiiig tho 
nature of some of the bones of the crocodile's hoad have arisen through passing tt 
comparison from that of the mammal's skoll — by descending instead of ascending K 

The segments composing the skull are more niodiiied than those of tho pelvis; 
just as the vertebral pattern is best preserved in the neural arehes of the pelvis, which 
ore called collectively " saenun," bo, also, is it in tlie same orohes of the skull, which 
ore called collectively " cranium. The elements of which these cranial arches & 
composed preserve, moreover, their primitiTe or nonual individuality more completely 
than in any of (he vertebral of tho trunk, except the atlas, and consequently the 
aichotypa! chaiactcr con be more completely demonstrated.' 

If^ after separating the atlas fiom the occiput, we proceed to detach the oecipital 
Ecgment of the cranium from the next segment is advance, we find the detached segment 
presenting the form and atrocturo of the nenml arch. Tho " centrum " presents, like 
those of the trunk, a convexity or ball at its postariur articular surface, but it 
one, like t^c hindmost centrum of tho sacrum, imiles with the next eeutrum in advance 
by a flat rotigh " sutural " surface. Like most of the centrums in the m 
uing of the bock, that of tbc occiput developes a hypapophygis, but this descending 
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process is longer and larger, ita liase ertending over the 'wholo of the midar aorf^ of 
centnun. It is a chamctei wherehy tho occipital centrum of a crocodiliEin reptile 
nuty be distisguislied from that of a lacectian. one ; for in the latter u pair of diTergisg 
hypapophyaea project from tta under Buifiicc, m ia aliomi in moat recent lizards and in 
lio great extinct moBasaums. 

The upper and lateral parts of No. 1 prcecnt rougli sutural amfaccs, lito tliose in 
lie centrums of the trunk, for articulating- with Iho " ncurapophyacs," Nna. 2, 3, ' 
Thidh dcvclopo ahort, thick, obtuse, trensverae procpsaes, 4, i. Tho mxidifled or 
specialized character of the elements of the cranial Tertebne haa gained tor them special 
names. The centrmn, 1, ia called, as in fishes and all other vertebnites, the " basi- 
oceipital ;" the nourapophyaca, 3, 2, are tbe " eioccipitals ;" the neural spine, 3, is tJie 
" supcroccipital." The tranaversB processes, 4, 4, wbicbmaj comMno both dinpophyaea 
and parttpOphysea, are called Ihc " paroecipitals ;" they are nOTer detached bonea in the 
crocodilia, aa they are in the chclonia and in mast fishes. The exoccipitels perfbrm 
the usual fuuetdona of nourapophyaes, and, like thoae of the atias, meet above the neural 
al ; they are perforated to give eiit to tbe vagal and hypoglossal nerves, and protect 
the aidra of the medulla oblongata and cerebollmn— the two divisions of tho openca- 
phslon. Tho auperoccipital, 3, ia broad and flat, Hkc the similarly detached neural 
spine of the atloa; it advances a little forwarda, beyond ita suataining neurapophyses, 
to protect flie upper aurface of tho cerebelliun ; it is traversed by tympanic aii-cclls, , 
ind aasists with tho exoecipitala, 2, 2, in tho formatiDa of tho chamber for the internal 

The chief modittcation of tho occipital segment of the atull, as compared with that , 
of the osseous fish, or with tha typical vertalra, ia tho abaencc of an attached h^mal , 
arch. Wo ahall aftcrwarda aeo that this arch is present in tho crocodile, although , 
diaplaced backwarda. 

Prooeeding witi the neural archca of the crocodila's skull, if we dialocate the 
segment in advance of the occipnt, wo bring away, in oonncction with the long baae- 
bono, B, tiio bone, 8y which in tho figure of tie seotioQ of the serpent's skull (Cut 17) 
is ahovm similarly united to 6. In^t, tho centrums of the vortebrco have here coaloacad, 

we find to happen in tho neck of the ailnroid fishes, and in the sacrum of birda and 

nmals. The two connate cranial centnuns must be artificially divided, in order to 
obtMn the segments distinct to whict they belong. The hinder portion, 6, of tho great 
base-bone, which is the centrum of the parietal vertebra, is called " basisphenoid." It 
supports that part of the " meacneephalon," which ia formed by tic lobe of the third 
ventricle, and ita upper aurfiice ia eicayated for the pituitary prolongation of that 
cavity. The baeiapheDoid developes from its under anrfaee a " bypapophysia," which 
is sutuially united with the fore part of that of the basioecipital, but eitends further 
down, and is similarly united in front to the " ptorygoida," 24. Theao rough autural 
surfaces of the long descending procesa of the basisphenoid are very cliaraoteristio of 
that centmni, when detached, in a fossil state. The neurapophysts of the parietal ver- 
tebra, 6, 6. or tho " alisphenoids," protect the sides of the mesencephalou, and are uotched 
at their anterior margin, for a oonjugational foramen transmitting the trige minal nerve. 
Aa accessory functiona they contribute, like the corresponding hones in fishes, to tho 
fonnation of the ear-chamber. They have, however, a little retrograded in position, 
resting below in part upon tho occipital ccnimm, and supporting more of the spins of 
that segment, 3, than of their own, 7. Tho spine of the parietal vortobra ia a per- 
manently distinct, single, depressed bone, Ilka that of thn oocipital Tcctehta ; it ia uaUcd 
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the " pnrictnl," sad complotaa the nsural areh, ss iti cratra or ki^f-bane ; it la paituUy 
cxiavalcd bj the truiTUic ndr-colls, sdcI orcrlaps the supf rocupiUl. Tbs bonM, S, 8, 
wDAgtd bct^Te(ttl 6 mil 7, niudfest mom of Uiiir diipoplij'sigl cbamotcr tbiui tluii 
hotnotypos, 1,4, do in tte oeoipifol segment, (incn they Bupport modified ribs, uc 
developed ftoni indcpeodcat centres, and. preserve their individuimtj. Thoy fijim no 
put of the ionn -wsils of the eraniius, but send outWirdB and bndiWDrd) ti BtTong 
tranarefW! protwss for mnsoular Bttaduneni. They afibrd a ligoinontons Httaohmcnt to 
Ihe faiemil 3r(}i of Oieir oim aogmciit, and artic?ula1« largely trith the plfurtpo 
physos, S3, of tlia aoteoeduDt biEin&l nrcb, n~bosB moio bieWard displaniiuciit, ii 
<^alIlpllri9D^ trith iti positian in Hit Sik't skull, is \rell iiliutrotcd in Hk mctomuTphoua 
of the tuid and trog. 

On removing tba neural arch of the ptrictal vcttcbra, after the seetioa of iti 
omflncM Dentrom, the eittaaitt of tlia corrcsjionding arcli of iLe fi-antul vertebra 
preseot the same airangsmeat. Tlia comprcsaed ptvduccd octilruin lias its form modi&ed 
like iLlit of t^e wMobril ucntnuns at the ii|ipuiiCc oxtn^no of lliQ bod; in many iiii^ ; 
it is oalled the *' prcsphenoid." Thu nmmpnph^sca, 10, 10, articulalti witlt tlie u]^>«' 
put of 9 ; they )uc expanded, and Emoothly eicaralcd on thuir inns' surface to Enpport 
the sldiH of the largn pra^oneephaloa ; thoy iliamiea tlio great optta nervoa by a dc 
They thou! the same tODdency to a rctrogndc ehaogQ of poaition as the Doighbouting 
Qcnmpophyscs, G ; fur though they suppivt n graatcr pinpaitiaa of Ihotr propn epino, 11, 
they oko snppoit part of the parietal apino, 7, aod Test, in part, below npoa the piuietal 
oemruiH, 5: the neumpophysca, 10,10, aro eoHcd ■■ uibiloaphcnoids." The ocnral 
spine, 11, of the &cntal vertebra rataina its norraal eharaetcr as a singlo aymmebriciil 
bun?, Uku the {wrietol spine vfaidi it pard]r orerliipi ; it bIbo eosiplctos the oeurnl aich 
of its Dim wgment, but is remarkably extended lOnfitudinally fbrwonlu, vbcru it ia 
mitcb thir.kcned, and aansts in fanning the mvitics for the eye-bnlU ; it U ntJlad the 
•'ftrmW bone, 

In oentemplkting in the skull itself, or «Bcb fids rien- aa J) given ia Fig. B, p. SS, 
of tiiy -work on the Arohetypo Skdetoa, the relndve position of the frontal, 11, to 
the patietnl. 7, and of this to the superoecipitsJ, 3, which it orerlnpped by the 
purietol, juat as itaclf overlaps tho flattened spins of the atlas, Wo gain a eon- , 
viction whith cannot bo shaken by any diffelcnoe in their mode of OBsifieation, 
by their median bipartitien, or by their ^xtrcniD expansion in other animals, that the ' 
above-named single, median, imbricated bonca, each eompletiug its neural arch, and 
permanently diatincb trom the piora of such arch, must repeat the aaine Dlemont in 
those Eueeeesivo aichea — in other words, miint be "homotypea," or aerially homolegitua. 
In like mitnncr the aerial homology of thcue piocs, called " nounpophyxoa," viz., tho 
Inminse Df the alla^ the cioccipitala, the Blisphonoida, nad tlic orbitospboaoida, ia 
equally tuimiitakablc. Nor can we ahnt out of view tha same serial relationship of 
the paniDoipitals, at coalesced diaphophyEfs of the occipital vertebra, wiUi the mastoids 
i, and tli< postfrontaiA, 1 !, aa permanently dotaohcd diapopbyecs of tboir respective 
vertebra!. All stand out from thu aida of tha cranium, as Cnuivene prooessps for mui- 
colar attachment ; all en alike autogononl in die turtles ; and all of them, in fiahc«, offer 
rtioular suifnces for the ribs or htsnial arches of their rcspoctiva vertebra ; and thcso 
chtiraetere arc retuiied iatiie poMfnintals as well as in the mastoids of the erncodilea. 

The frontal diapo]^ysis, l!i, is wedged between the back part nf the s))ine, 11, and 
the nein^pophyaii, 10 j Ha ootwiHly projectiTig proee!>a e.Ttends abo bsckwarda, and 
jinna diat of tho succeeding diapophyais, 8 ; but, notwithstanding the rctrogradation ef 
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&e infL^'ior oriji, it EtiU articulaCca with put nf its mm pleuiapui]hj«uil Glcmciit, 3S, I 
irhich fonnB tie proiimal clemeut of that arch. ) 

There finall)- rcmBJii in the cnmium of the cnraodili:, after the suCcessiTe dotmh- ' 
ment of the itnegoing aicliei), the bones tenuinatiug tho fore~part of the skuU; but, [ 
notwithatssding the e:d7eino degree of modif catkni M vhich their lu^-eme pDsitiDii 
BubjBDts tbem, vu can still Ijaoa in their UTOugoEucnt a corresponilcnM tiith. tho rcr- 
lelaute typo. 

A long tuid sleudiT ETinmetrieil grooved bone, 13, bL't>Te(!n 24 and 24, liko t!ie ossiAed 

i&rlur liiijf of the ci^isule uf the nnlochonl, is eontiauod furwarda Croin. ihs: infi^rior 
part uf the centrum, 9, of the frontal vcMebru, and standi in the rrlatiou uf k Mntium 

a Hui TOtiuftl platua of bona, 14, which e^ind ca they riai into a broad, Lhiuk, tiian- j 
gulu iilnta, with an expoacd hoiizuntal saperiar anrfaee. These bones, which &ro called I 
" preCintals," stand in the relaJdim of " nmirspophysca " ta the rhincncephilic ]1K>- 
longUians of Iha brain comnianly but emui»>ua!y called " aKaatory nensa ;" and tiief 
fonn the piers or liauncbos of a ncnral aruh, v'hii:h is oomjdoted ahure by * pab oi 
symmetiicBl banes, IS, called "naula," wM-th 1 roganl us a diiided or bifid neural 

The centrum of this anJt ia ealnbliBhed by ossidcaliDn in tbo cipfindcd inlieiior 

prolongation of tho fibrous capsnle of the notodiord, beyond the terniinaliti 

gelotinoTu aiis. The niodiiin portion abi>ve apedlied txitmiie most of the formal 

choractGTxDf the conliuiu; bat thet« is a pair of lon|;, slender, ayimnetiicsi ossielM, 

which, {rem the siiat of their original development, and their iclativo posHioe to the 

Demsl la-ch, must bo regarded as also puts of its centrum, .^d this osufication cf tbo 

mont in ijuOBtiim fimn difieront centiCB wiU bo no new or slisiip; characWr to tilosc 

.0 rociJlcct that the TeitebnU body in man and mamniBlia ia dcvdopod from three 

itiei. TIm tenn " Tomcr" is applied to llio pair of bones, 13, beeaiuo their apecial 

homology TJth the sin^e median bone, <o calLed in fishes and mammals, ia indiepul^e ; 

Ixit a partkm of the Bamo element of the alcull retaina its ainglc Eiyrtilnctriiiil chsraeter 

n the orooodilc, and ii connate with the enDrmaus ptisrygoids, 24, beCweeo vhich il 

iradgod. la some ^ligatois (ilL niffo-) the divided enterior 'vomer extendi &t fbnrards, 

expands antoriorlii', and ajipcars upon the bnay palate. 

Almost all tho other bcmea of the head of the crocodile ere adjusted «o g» to constitute 

four inTcaisd arehea. Heso ai'c the hnrnal arches of the fimr segments or ycrtobra), of 

which tho nenral arches hate been just dvBcril>cd. But ihej have been the sent f>f much 

groatcr modiUcatioos, by whidi they nn> made subseirient to a variety of ^mctiong 

(inkno\vn in tlie btemal archca of tbo ttst of "the body. Thus the twfi anterior hismal 

arcbci of thu head porC)tm the oiHoe of soiling and bmisiiig Ihc food ; are umed for 

.t purpose wi& teeth : and, whilat one areh is flmdy fiiod, the other works upon it 

like the hammer upon the snviL The elements af tho flied arch, calicd " maxilliry 

rch," have auconiingly nndergouo tho grenlrat lunoimt of morphological change, in 

ordct to adapt that nrch to its share in masticatiaa, aa well as for fbnmae V'''^ °^ ^^ 

lagD for the roapimtory medium, which is perpetually traTerBng thia hmmal canal 

a wny to purify ihu blood. Almoat flto whole of the upper surfooc of tlie luaiiltary 

arch ia firmly united to contignoiiG parts of the akull by rough cr auluial Eurfaeea, ai 

' ts etretlgth ia itujrciued by bony appendagea, which diverge from it to abut aj 

otlier porta of the akiiU. Comparative auntomy tcpcbca that, of the nmneroua pUcea tit 

aahment, tho one whiph connerts the maiiliary oteh by its clement, 20, with the 

itrum, 13, and tho descending pitttea of tba neurapophyBOS, 14, of iho nasal segment, 



N 



208 SKULL OF THE CROCODILE. 

is the normttl or tho most constant point of its auBpeiiBion, the bone, 20, being thu 
pleutopophyBial demtnt of thu ninsillmy ortb: it is called the " palotino," because Ibe 
under surface fonnii a portion of the boiij roof of tbc mouth, called tlio " paluto." It 
is ttrtieulfltcd at its foro part witb the bone, 21, in the eamo plates, which bone is the 
hiDmApophjrsial elomcnt of the numllarj nicli: it is cuUed tho " mujllarf," snd is 
greatlf developed both in length and breadth ; it is conncetcd not only with 20 behind, 
and 22 in front, ■which are partu of the same arcli, and irtth the diTcrging appendages 
of the arch, viz., 26, the makir bone, and 24, the pterygoid, but also with the nasals, 
JS, and tho lacryma l, 16, as well as with ite fellow of the opposite side of the aroh. 
The smooth, eipaaded horiiontal plata, which effects the latter junction, is called the 
palatal plato of tho mamillary ; tho thickened eiternal border, where this plat« mcela 
the eitemal rough aurfaca of tho bone, and which is pejforated for the lodgment of the 
tuotb, is the " alveolar border" or " process" of the mniillary. The h[Emal spine or 
key-bone of the arch, 22, is bifid, and the arch is completed by the symphysial jiinctioQ 
of the two symmetrical halves ; these halves are culled " rrcmaiillaiy bones :" ihese 
bones, like the maiillariea, havo a tough fecial plate, and a smooth palatal plate, with 
the oonuecting aiveolar border. The median symphysis is perforated vertically through 
both plates ; the outer or upper hole being tho eit^raal nostril, tho under or palatal one 
being the prepolatal or naao-polatal aporluie. 

Both tho palatine and the maiilkry boaea send outwards and baoltwarda parts 
or proDOEBcs which diverge &^3iit the lino of tho hemal aich, of whioh (hey are the 
chief elements ; and these parts give Dttaohment to distinct bones which form the 
" diverging appondagoa" of the aroh, and serve lo attach it, as do the diverpng 
appendages of the thoracic hQ:anal arches in the bird, to the succeeding arch. 

The Bppcodage, 24, colled " pterygoid," efTects a more eitnusive attachment, and is 

peculiarly developed in the crucodilia. As it extends backwards it expands, imitea 

with its fcrllow below the no^al canal, and encompassing that eaoal, eoalesces above it 

I with the vomer, and is firmly attached by autute to tho preaphcnoid aad basiapbenoid : 

j it BoiTomids the hinder or palatal nostril, Knd, crtending outwaids, it gives attachment 

I to a second bone, 25, called " ectopterygoid," which is firmly connected with tho 

maiUhuy, 25, the malar, 36, and the post-frontal, 12. Tho second diverging ray is of 

great strength ; it extends from the maiillary, 21 (" hteniopophyais " of the maiDIaiy 

arch), to the tympanic, 2B (" pleurapophyacs " of the mandibular arch), and is divided 

into two pieces, the malar, 26, and tho squamossl, 27. Such aro the chief crocodil 

modiSations of tho luemal arch, and appendages of the anterior or nasal vertebra of 

the skull, ^ 

Tho hffimal arch of tho frontal vertebra is aomowhat less metamorphosed, and has no 
diverging appeadago. It is slightly displaced backwards, and is nrtioulatcd by only a 
aportion of its pleurapophysis, 28, to the parapophysis, 12, of its own segment ; 
the major part of that short and stroug rib articulating with the parapophysis, 6, of tho 
succeeding segment. The bone, 23, called '^ tympanio," bccaixse it ser^'es to support 
the " drum of the car" in air-hrcathing vertebrates, is short, strong, and immoveahly 
wedged, in the orooodilia, between the par-occipital, 4, mastoid, 8, post-frontal, 12, and 
sqtiamosal, 27 ; and the condldons of this fixation of the pleurapophysis are exemplified 
the great development of tho htsmapophysis (mandible), which is here unusually 
long, supports Dumacoua teeth, and Tcquires, therefore, a firm paint of suspension, in 
the violent actions to whioh the jaws are put in roUBning and overcoming the struggles 
a powerful living pray. Tho moveable articulation bctveon tho pleurapophysis, 2S, 
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and tlie roal of de hffimal areli ia analogoua to that which, we find between thi; thoracic 
plcurapoptyBis anQ hiem.ipophyaia in, the ostrich and minj other birds. But tha 
htemopopliysiTi a! the mandibular arch in the craeodilea ia aubdirided into sererai pieeea, 
u order to oomhino the greatest elBsticit)' and strengtli with a not esoeaBive weight of 
lone. The different pieces of thia purposely enbdivided element baVe xeceived deflnito 
uimes. That nambered 29, which offers the articular concavity to the conyez condyle 
of the tympanic, 2S, is called the "articular" piece; that beneath it, 3D, wMch 
durelopea the angle of the jaw, when this projects, is the " angular" piece ; the piece 
above, 29', ie the " aurangular ;" the thin, broad, flat piece, 31, applied, like a splint, 

the inner side of tbc other ports of the mandible, ia the "splenial;" the ams^l 
acoesaory ossicle, 31', is the " coronoid," becanse it developea the process, so called, in 
lizards; the anterior piece, 32, which eopporta the teetb, is called the "dentarj." 
Thia latter is the bomotype of the premaTiUary, or it represents that bone in the man- 
dibular arch, of which it luay be regarded as tbe hcemal spine ; the other pieces arc 
Bubdiviaioni of Ibe hcemapnphysial element. The purport of tias subdivision of the 
lowor jair-bone has been well explained by Conybearo* and Sucklaiid,-|- by lio ajialogy 
of its atnicturo to that adopted in binding together several parallel plates of elastic wood 

etnel to make a, crossbow, and also in setting together thin plates of steel in the 
springs of carriages. Dr. Buckland adds — " Those who have witnessed the shock given 
to the head of a crocodile by the act of snapping together its tli'ii long jawa, must havo 
seen how liable to tractuxe the lower jaw wauldbe, were it compoacd of one bone only 
on each side." The same reasoning applios to the composite structure of the long 
tympanic pedicle in fishes. In each cqbd the aplioing and bracing together of thin flat 
bones of uneq^ual length and of varying thickness, affords compensation for the weakness 
and riek of fracture that would otherwise have attended the elongation of the parts. 
In the abdomen of tho crocodile the analogous subdivision of the hamiapophyKea, there 
called abdominal ribs, allows of a slight cbonge of their length, in the expansion Hud 
contraction of the walls of that cavity ; and since amphibioua reptiles, when on land, 
rest the whole weight of the abdomen directly upon the gnjund, the necessity of the 
modification for diminished Uability to fracture further appeare. Theae analogiea are 
important, as demonstrating that the general homology of the elementa of a natural 
segment of the skeleton ia not affected or abscmed by their subdivision for a special 
end. Now this purposive modiflcation of tbe bienmpopbyses of the frontal vertebra 
is but a. repetitian of that which affects the same elements in the abdominal vortebne. 

Pasaing ncit to Iho hismal arch of the parietal vertebra, we are first struck 
by its small rt'lativa siac. Its restricted functions have not required it to grow in 
proportion with tho other arches, and it coosequentiy retains much of its embryonic 
dimensions. It consistB of a ligamentous " stylobyal," its pleorapophyus retaining tho 
same primitive histological condition which obstruols tbe ordinary recognition of tho 
same elements of tho lumliar hccmal arches. A cartilaginouB " ^ihyal," 39, intervunca 
between this and the ossified " luemapophysia," 40, whicli hoaiH the special name of 
ceratohyal. The bxroal spine, 41, retains its cartilaginous state, like its bomotypes, in 
the abdomen; there they get the special name of "abdominal sternum," heia of 
"basihyal." Tho basihyal has, however, coalesced with the thyrohyals to forma broad 
cartilaginous plate, the anterior border rising like a valve to close the fauces, and the 

• '■OwUTrBni.,"lsai, p.SflS. 
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poalcrior angles czUmding bcyund ai:d suetajaing the tLyroid luul obhsr parts of the 
lAiyox. The loo^ boay ^*ci?ratchyal'^ und Ilia cannnonly cartilaginouH ^^epihyfll" 
an auBpcnded hy lie ligameotwis ■'Btylohyal" to the parotcipilal proeeas; tit- -whola 
arch haTing, like the mnjiiiibular one, retrograded from the oonneotioii it prcaeota in 

Tlua retrograilaticn is Mill mnro ooiuiik'rnble in the euueccdiug bcenial m-ch- !□ 
eomparing the u<:oipit:il gfgmi'nt of the crocodile's nlcelotoc vitb that of the flal), tho 
chief modifleation that diatinguiElii>a tliali segment in the crocodile is t^ t^pHFent 
abBBDce at its hieiml saub. We rccognisu, hovsTcr, tha ipcciol hamologucs of the 
cooBtitacnts of that uroh of tha fish's skelctou in the buuea 51 aa^2 of the citocodUe's 
akbieton (Fig. 18) ; bat tile upper or EUpra&capular piece, SO, retains, in connection with 
the loBB of its proxiiDal Or crnmBl aiticulatiODB, its cortilGginons etate ; the Efcnpula, SI, 
ia nssiiied, aa is likewise the corueaid, Sa, tbe lower end of which is separate from iU 
ftllow hy the interpositioii of a median, syramotrioHl, partially-ossified pieop called 
" epiBtemum." Tlie power of reoogniBine the special hantdogiea of SO, ol, and S2 in 
the crncodOo, with the aimilBdy-Bumbeied cooetituCBts of tho bbdio arvh in fishes— 
tlwiugh niaskeii, not only by modificationa of ibrm and propartioa, but even of vrry 
snbetaQce, aa in the esse of GO — depends upon tho eircumstnnee of those bones consti- 
tuting the same essential elliment of tho nrchetypiil skotnton, yiz., tho Itourth hsBiual 
im*. namlMred;s^ o2, in Fig. 7 •■ for although in the prcacnt inatanco thoro is supiT- 
odded, to the adaptiYe moditicntionB above cited, tha rarer ona of altered eonneotioTiB, 
Cnvicr does not hcwteto tfl give the soma namea, " Bupmapapulairo" to 60, and " scapu- 
laire" to SI, in botJl Sab and arooodile ; but he did not perceive or admit that tho 
niUTOwer rclatioila of special homology wore a result of, and nteeBBoiily included in, tie 
wider Inw of general homology. According to the lattn law, wu diBcem in SO and SI 
a campounil "pleurapophyals,'' in S2 a " tuomapaphyela," and in As, the "btemal 
spine, '^ oomplctJBg the hssmol arch. 

The acapnlo-ooiacoid arch, both elements, SI, S2, of whiuh rftain tile iana ofstriHig 
and thick vertebiiJ and stemal ribs in the orocodtlo, is applied in the skdetim of lliac 
animal over the anterior thoracic hfemal afches. Viawed as a mora robuat hnrnol ai 
it is uln'iously out of t>laoe in leference to tho rest of ita vertebral scgzuent. If we seek 
to dotcmiino that ecgment by the mode in which we Testers to titcir centrums llii' 
leva displBoed neural arohes of the anteoedpnt Teitebm of the nrauinm or in the Eacrum 
of the bird, * wo proceed to examine the Ycrtebio belbie imd behind the dieplaccd arch. 
with tho view to discover tho one which needs it, in orfor to be made typically oom- 
j^to. Finding no centrum and neural sjoh wiUtnnt its pleurapophyees ftom the 
Boapnhi to the pelvis, we give up our search in IJiat diroctaon ; and in tbe opposite 
direction we find no vertebra without ita ribs, until m roach tits occiput; there wu 
have centrum and ueural arch, with ooalecoed parapophyEus, but wMiout tiie hsnnal 
arch, which arch can only bo supplied by a reatoration of iJlo bones S0-S2 to the place 
which thvy notuially occupy in tho skelctun of the fish. And 6inL<e anatomists are 
gcnerslly n|rrscd to regard the bones S0-S3 in the nroaodile (FSg. 18) aa i^pecially homolo- 
gous with ihost fo nuinber«d in the fish (Fig. 9), vo must conclude that thoy are libo~ 
wise homole^ua in a higher acase ; that in the fish the seapula-coi-acoid nruh is is its 
aatju^ or typiciil position, wheieaa in tie -oiooodile it has been diajdaeed tor a special 
puriiosc. Tl'iis, agreeably with a genera! prindple, we perceive tliat, as tbc lower 
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Tdtebrate uiimul illusCratea tiui dosar odhesios to the ariQict jpc li; the Baturol aiticu- 
Ifltjon of thu Hcaqnilo-oarttcoid arck to tie occ^ut, bo the liigliot vurttbrato manifests 
iLc fiupeHor iuflumiuc of the auiH^mismg povt^r of ^ulsjjtive laodifLi^tiiui by the rciooval 
of tliat airih from ha p-ppec ecgmFiit. 

Thu snlhrDpotomist, by hi£ mode of coui^jiig and de&niiig the dora^ Teitebns and 
tibs, aduiiU, imoonscioiuly perhaps, the uoportiijit principlo ia geneml hmuokigy which 
is IiL>ro CKUiuplified ; and which, pm-sued to itd higitimata couEe^ucnccB, and t'lirthpr 
applied, demonitiates that the tcapuja it the modified rib of that ceiUium and Dcuvid 
Qrch, which he oils the " occipital bone ;" ami thai the ubsnge of place whleli diie^j- 
maaka that relation (for a Tcrj Blemeatary acquainlance vitb comiiBrative suatomj 
ebi/irs how little mere iiom and jirapartjou. affuct Hui homological choraclcta of 1>an&s), 

□mount of comparative obfioryatian rcquiaito, in ortkr to detenoiue Uie lelalioa cC ^ie 

With mfiTenoe, thcrcsfiwe, to the otcipltnl vertEbra of the crocodile, if the com- 
paradvelr wcll-deyelBpod and permanentlj-distinit riba of all the corvieol vial^w 
jirore the eoapulu ■rch to belong to noiio of thoao segmcata, and if that litcmaL arch 

The anterior locomotive extremity is the diTcigiog Hjipendago of the arch, under 
one of itii numennu modea end gradea of devebipmEnt. Tbi? proximal dement of .ihiii 
iq>pendage, or that nearest the arch, is colled tbo "bmuerus," £3 (Fig. 18). The 
second ecgmont of the limb consiEta of two bones ; the larger one, £4, ia called tho 
" ulna :" it articulatea with the outer condyle of the humerus by an oval Ihoct, tho - 
thick convex border of vbich awclls a little out behind, and fentu a kind of rudimcntal 
" olecrjnon i" the distil and u much lees than the proximal one, and is must prcidueed 
at the radial side. 

The radios, 55, has an <ival Lead ; ila ahoit if cylindrical ; its distal end ablong ami 
Eubcomprcaaed. 

The g mnll boBee, SG, which intervene between these and the row of five longer 
buriFs, ale called " carpala ;" t2iey sre ibur in number in the crocodilia. Oao seems to 
bu a continoatian of the rading, another of the ulna; these two are the piineipat 
carpals j they aio coiapieased in the middle, and expanded at their two extremities : 
that on the radial aide of the irriBt is Iho lajgcat. A third anall OBsiole projects slightly 
backo-ards &im the proximal end of the ultmr metacarpal i it anEwers to the bouccallsd 
" pisiforiDo" in the human wriat. Ite faui-th ossido i» inlerpuscd between the lUnar 
carpal iiod tbo metaoaqials of the tLi«c ulnar digits. 

These Btc tenmnal-jainted rays of the appendage arc counted &ojn the jadialtothe 
ulnar etde, and bare lecdiied epeoial names; tbu first 13 colled ''poUex," ilio second 
"iodL'i," the third "medius," tba fonrth " annularis," and the fiflh " minimus." Tho 
fint joint of oodi digit is called " metacaipsl ;" the others are tenned "phslanx," In 
Um crocodilia the pollu hsi two phalanges, the index liiree, the medius four 
lori* ibur, and the minimus three. The terminal phalanges, wbidi are modified to 
BUjiport claws, are oalkd " ungual" phalanges. 

As the obove-desaribod bonea of tho scholar extremity are developments of Qte 
appendage of tbo scapular ordi, vhicli ia the haemal arch of the oocipital TcrUiIniL, it 
foHott's, that, like the braccHostegil rays and opercular bonoB in. fistsa^'Oiuri ■»«. «^^^- 
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lially bones of tho head. But Ihe eoumtration of the bones of the crocodile's skull is 

completed hy these ; tJiera ia a hone Gnterior to the orhitj vhich is perforated at its 
orbital border by the duct of the lacrj-mol gland, whence it ia Wrmed die " locrymal 

1," undits facial part extends forn-arda between the bones marted 14, 15, 21, and 
26. In many crocodilia thero is a bone at the uppac border of the orbit, which eitenda 
a Iho Buhsfance of the upper eyelid; it is called " supcrorbital." In the eroEodilus 
palpcbrosna there are two of these osaiclefl. 

Both the laerymal and Buperorhital bonea anawet to a series of bones found com- 
monly in fishes, and called " suborbitals" and " superorbitala." The lacrymnl is the 
most anterior of the suborbital series, and is the Inrgeat in fiahee ; it is also the most 

itant in the vertebrate series, and is griKiTcd or perforated by a mucous duct. These 
ossicles appertain to the dermal or muco-derniBl system or " osoakeleton," cot to the 
Tertebral fiystem or *' endosleleton." 

There remains, to complete this akstch of the osteology of the crocodile, a brief notice 
of die hones composiag the diverging appendage of the pelvic arch: these being a repe- 
tition of the same element sb the appendage of the scapular arch, modified and developed 
for a similar office, mnnifeat a. very close resemblance to it. The first hone, called the 
'' femur," is longer t^"" tlic humeruE, and, like it, presents an enlargement of both 
eitremilies, nith a double curvatiu^ of the intervening abaft, but the directionB ai 

Tse of tho^ of the humerus, as nmy be seen in Fig. 18, where the nj^ier ur proximal 
half of the femur ia conoaye, and the distal half convei, onlcriorly. The head of the 

uris compressed from side to side, not &om before backwards as in the humerus; 
pyromidnl protuberonee finm the inner surface of its upper fourth reprosenfa a " t 
chanter ;" the dislol end ia eipanded tranavereely, and divided at its back part ii 
two condjlea. The neit segment of the hjnd-Iimb or " leg," inoludcs, lite the eorr 
ponding segment of the fore-limb cnUed " Jbro-arm," two hones. The Lirgest of these 
ia the " Ulna," 66, and answers to tho radius. It prsscnts a largo, triangular head to 
femur i it terminates below by an obliiuo crescent with e. convei surface. T 
" fibula" is much compressed above ; its ahiift ia alcnder and eylindrioal, its lower ra 
is enlarged and triangular. The group of amiill bonea whiuk succeed those of tbe leg 
are the tarsals ; they ore four in number, imd have each a speeial name. Tho " astra* 
galus" artioulates wifli the tibia, and supports the first and part of Iho second t< 
ealuanoom inlorvoncs between the fibula and the casiclo supporting tho two oub 

OS a short but strong posterior tuberosity. Tho oaslclo referred to repreae 
bone called " cuboid" in the humaa tarsus, A smaller ossicle, wedged between tho 
astragalus and the metatarsals of the second and third toes is the " octocuneifbim." 

Four toes only arc normally developed in the hind-foot of tho crocodilia ; the fifth 
is repreaentcd by a stunted rudiment of ita metatarsal, which is articulated to the cuboid 
and to (he base of the fourth metatarsal. The four normal mBtatarsalB are much longer 
than the corresponding mctacnrpols. That of the first or innermost too is the shortest 
and strongest ; it supports two phalanges. The other three metatarsals are of nearly 
equal length, but progressivtly diminish in Ihiekneas from the second to the fourth. 
The second metatoreal Biyiports throe phalanges ; the third four ; and the fourth also 
has four phalangea, hut does not support a claw. The fifth digit is represented by a 
rudiment of its metatojoal in the form of a. flattened triangular plato of bone, attached 
xi the outer side of the cuboid, and slightly curved at its pointed and prominent end. 

The forms and proportions of the entire skeleton of the crocodile are adapted to the 
accesaitieB of an amphibious animal, but minister to much more rapid and energetic 
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.-omenta in water lion on liui3. The Bhort limba preclude tLc poasibility of -very 
q^uick cDnrso along shoro ; mill the overleppmg of the ribs of Iho neot, wLilat enabliiig 
the hcatl the hettor to eloaro the water during the acta of diving or ewimming, makes 

heading of that part from eidc to aide an act of difficulty and time ; thia, it is said, 
may ayail any one pursued by a *;Toeedile on drj' hmd to escape fay turning out of the 
stjttight courae. But dio crocodEc usually aoizos his prey by stratagem or eonoealm 

3n in or cloac to the water ; and it is there that lie showB himself mister of his 
pnsition, and chiefly by the powerful atrokes of his long, large, Tortically-flattaned fail. 

OBtBology of O&eloiilan Reptiles— Tortoises and Tnrtles.—Thoac anl- 
(oals to which, in the manifold coodifieations of the organic firamowork, a portable 
dwelling or place of refuge has been given, in compensation for inferior powers of loco- 
motion or other meauB of escape or defence, have clwaya attracted especial attention ; 
and of them the most remarkable, both for t!ie complex construction of their abode as 

1 as for their comparatirely high organization, are the raptiica of the i^b'-l'm ian 
order. The expended thomcic-nbdominal caae, into which, in most chelonians, the 

d, the tail, and the four extremities can be withdrawn, and in some of the species be 
there shut up by moTeablo doors cloaely fitting both the anterior and poatsiior apertures 

3, e.g., in the box-tortoises (nnoiterncn, dttudo) — has been the auhjcct of many and 
excellent inTeetigations ; and not the least interesting reault haa hcon the diacovcry 
that this Ecrmingly special and anomalous supcraddition to tho ordinary TBrtcbiate 

icture is due, in a great d^rec, to the modificatian of form and size, and, in a less 
degree, to a change of relative position, of ordinary elcmcnta of the vertebrate skeleton, 

Tho natural dwelling-chamber of the ehelonia consista chiefly, and in die marine 
ipoeies {ekelont) end mud-turtics {trionyi) eolclj, of the floor and tie roof ; side-walla 




of variable extent are added in the freah-water species {ejnydiBia) and laod-tortoiaes 
(tatrtdimata). The whole consists chiefly of i^seous "platca" with supoincmnbent 
homy plates or " Bcutes," except in the soft or mud-lortoiaes {trionyx and >p&i»yri), ii 
which these latter are wanting. 
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Pig. 20 ahowa the maimer in which ihc beaA and tail tan ia rFtmcted within the 
thOTaeic-ftbdorninal hoi : the four limha ore figured aa csfcnded in the act of walMngj 
to show their structure. The only roovcahle Tertebras arc thoss of tho neck sad ta2, 
and tho former enjoy a greiit degree of fleidbility. The vertEbrie answering to tho dnr- 
sal, lumbar, and saeral series aro flnoly feed together; but the dorsal ones, 1 to 8, am 
chiefly concerned in the formation of ishe oreeons dwElling-dunnbor. Tho compontion 
of this win he Srst describoii as it exist! in the turtio (clidime), the apeciea called 
'' loggerhead" being here selected for its illustration, , 

In tha marine species of the chelonian order, of which this may he regarded as thti 
typo, the ossifioation of tho cmapnca and plastron is less estcnaiTC, and the whola i 
alolcton 13 lighter, than in the bos- i 
51- tortoise (Fig. 20), or any of tlosB spe- 

cies thnt IJTG on dry land. The head | 
is proportJonaDj larger,— a charoetcT | 
common to artnatic animals ; and, hnng 
innipnhle of retraction within lie earu- 
ptfc, oBBificati<m extends in the diree- 
tioc of the ftseia eovcring ib£ tmnpa- 
ral mniclcs, and fomu a second bony 
covering of the eronial cavity : Ihij 
nceessoTT defence is nut dne to the in- | 
terctthMjon of any new bones, hnt to 
esogenous growths &om the flwitBhi, 
11, pOBtfrontals, 12, parietaJa, T, and 
mastoids, 8. 

The carapace (Fig. 21) is composed 
of a aerioi of median and ayrametrieal 
pieces r/i, si to ill, and of two aeries 
of utisymmcirical pieocs on each aide. 
The rnuilinn pieces have been regarded 
.Fina or irL-uTLE (ehsJana imhiH:a<a}. as lateral eipausJODB of the aummita of 

the neural spines; tbo mcdio-laterol 
i timiW derelopments of tho ribs ; and iho marginal pieees as the homologuea 
tomal ribs. Bitt the dotiilopment of the caiapacB shows that ossi£catian begins 
dently ia • ffinv-cartilBginout matrix of the curium in the first, nA, and some of 
tho lost, 9 9t04ll, mcAan plati's, and extenila from the anmmita of tho neural spines 
into only oigbt of tho intervening plates, il to i8 : oaaifieation also ciitaods into tho 
eontiguou^ lateral plates, j?! 1 to pi 8, in some chdonia, not from the oorrespondilig port 
of the ETiI)J«eent ribs, but from points alternately neai'er and farther from their beads, 
liliowing that such extension of ossification into the corinm ia not a dcvdopmBit of tiie 
tu!«!rdo of tho rib, as has been supposed. Ossification eonuneneea independently in tho 
uorhim in all the marginal platfs, ml to^^, which never coalesce witli the hones 
uniting (he stctnuin with tho vertebral riba, and which are often more mimemus, and 
la than thise ribs, and in a few species ore wanting. Whence 
it is to be inferred diat the expanded htmes of the carapaco, which are ■upported and 
impressed by the IMck epidermal scutes called " lorloiie-shell," are dermal oaaifiea- 
tions, homologous with those which aapport the nuchal and dorsal epidermal scutes in 
ci-uoodile. Most of tlio piccL's of the carapace Lcing direotly i 
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■with Hie abviotu demoaU of ttis Tdtebne, which haw been (mpjKwcd excluriTtriv' to 
fuini tiiQtD b; their luiiHaat etpoBdoa, tha medinn own, al to « 11, buve bucn vrdled 
"nmmil pUtes," and the medio-lotiral pieces,^ 1 tojjiS, " MsttJ plates ;" biit iJie 
eitcniRj UteraJ pieces, w 1 to m 13, hare rcbwoed the nftiae of " mwgiBal ptates." Hio 
£rat or unb^rior of tlio median plates {ch, " nucOial plate") it TCDMrkiUs for its great 
brogjdtli in the tmlim, and nsuaUy senda down a ridge tram Oa middle lino of JIa under 
Eurfai^O, wluch utieulMoB Dioro oC less directly ivith tlic suminit of the noursl arch of 
tbc tint dnrslJ vatebra; the aeemid neural plate is ntneh narmwor, and ia coimato 
with tlte BUnuBit irf the noiiral apinc of the aeeend dorsal vorteln*; the siTEn a uec ced- 
ing DDuial {dales hare tii« eanie relations with, tile BOeeeoding nesnl ^»nea : the rest 
ore bidctnulcat derma] botiei. The coelal plltes of the carapace ore aupcl«3ditiaiis to 
ei^U pain of the plonrspotihyBFs df vcttebnl portions uf the second to the nliiH ^ ribs 

indo^ra. Tfaealendol orpropor piirtioM of these ribs prnject freely Ibr some dittsbcc 

heyaad tlio nnuiate dcnuEd portions, along the imder Eurfaee of which the rib rod^ be 

tmood, of ita ardinaiy breadth to nets the head, which libBratca itaell' fmra the onstal 

piatd to artioulats to tin intcnpaco of the tivo contiguous TCrtebm:, to the pmti^riDr of 

it^i'h sudi rib propcrij belo*g«. 

The plastron, or floor of the bony house, consists in the gemu Chihitt, as in 6ic 
3M of the onknr, of nine pieces,— one median and EjrUubetriesl, and the rest in pairs. 

With rogu-d to the bMiKil<^; of tlicsa 

bones, tlirM exidanationa may be given : ^- ^-- 

ooa in oonfatsuty with the alnioturc o 
'lO thorafiic^bdaminn] cage ir 

dilc ; the other liaaed iipnn the analogy 

oi that put in tho bird ; and Van third 

nfrecabl}- with the phcnomenii of de- 

Telopmest. Aooording to the Gnt, t^e 

median piece of tho phutran, coiled 

" ento-Blcroal," S, ontwrrs to I' 

of the crocodile, or "tteraum twnpor," 

nnd Uui tour pair* of plaatron-pEuceB. tt, 
fit, €1, aiuwor to the " hieniapnpjij- 
' forminj; (ho eo-caUud Bicmal Nnd 

abdominid ribs of ifau cnwodile. Moat 
iparativc anatmniBls hnro, howerpr, 

sdoptcd the vitwB of GooK-oy 9t, Hilnlio, 
> wu guided in bii dctenniDatiini of 

the piccos <if the pbuCroa by the analogy 

of the akclotim of the bird ; couardtng to 

whiub all the porti of the plastron are re~ 

Icmi to a innnTdux and greatly devpUqicd 

BtBranm, and the nmrgiiiBl plntes am viewed lu atomal rilra (htpmap^physfs). Ths 

third ground of delcnnination refbra ths parta of tli(> plastron, like chose of the euapaec, 
I a eombination of poita of the enduahctctan. witii tho^e of the eToski^lelinL 

In Fig. 21, the marginal platie, nil to in li, are twenty-four in niunbor, ortn 
LX if the first (nuchal, oh) and last (pygnl, jtji) vertebral plates be included. Omitting 

tluie in the eniuncnition, three margical pieces iatervuno on enoh side at the 

batwcoi the flnt median plate «nd the point ottlicftiAMi(Mi.-^'uaS!5rw*^>s^'^ 
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the second dorsal lib, vMcIi point ectera a depresdon m \iie fourtli margmal piece, m i ; 
' " I, Biilh, sercnth, cightli, mnlli, and Icnth mDrgiiuLl plates are Eimilarly articu- 
lated by gomphoaia to the bix succoeding' riba; tlie cleriintli mai'giiial plnte liaa no 
corresponding rib ; tho twelfth is aiiiculBti^ d ivitli tho point of tlie ninth dorsal rib eup- 
portJQg Iho eighth, costal plate. 

want of condonbmcp witt tho Tertebral riba, nr " pleurapophyaea," arising from 
the increased number of the mar- 
ginal pieces, favoura the idea of 
their being dermal osaificatioils, 
such peripheral elements being 
more subject to yegetatiYe division 
and multiplication than the hsma- 
pophyees : the absence of the mar- 
ginal piecea in the trionyx gives 
additional support to the same 
view. The medianpicce, 8,is here 
regarded as a hiemel spine : it is 
called " entostemum." Theparial 
pieces of the plastron are the 
" hiemapophyses " connate with 
expanded dermal ossifications, and 
have received the following special 
names ; a, " epiatemal ; " " Aj, 
" hyoHtcmal ;" pa, " hypoatemal ;" xs, " siphiatoraal." 

In Bame extinct chelonin the number of these lateral elementa of tho plastron is 
increased by an intercalated pair wliich I have called " mesostemalB." In the figure of 
the si^ment, as modified to form the carapace and plastron (Cut 23), the nature of the 
bones ig indicated by the letters according to the csplimation given of the archetype 
vertebm (Fig. 6, p. 1B9], the dermal superiLdditionB being marked se. 

In the figure of Iho abelelon of the bos-tortoise (Fig. 20) a section of the carapace 
and plastron has been removed from the right aide to expose the dorsal and eacral 
Tcrtebnu, and the digposition of the scapular and pelvic arches. The eight cervical 
vertebrce are &cc, moveable, and ribless; the fourth of these vertehnc has a much 
elongated centrum, which is conrox at both cnda ; the eighth is short and broad, ifith 
the anterior surfiice of the body divided into two transveracly elongated convexities, 
and the posterior part of the body forming a single convex aurfaoe divided into two 
bteral facets ; the under part of iho centrum is carinat«. The neural arch, which is 
anehylosed^ to this centrum, ia short, broad, obtnso, and overarched by the broad 
expanded nuchal plate, ch. Tho first dorsal vertebra, d 1, is also short and broad, with 
two short and thick pleurapophyses, artieulatcd by one end to the expanded anterior 
part of the centrum, and united by auturo at the other end to the succeeding pair of 
ribs. The bond of each rib of tho second pair is supported upon a strong trihedral neck, 
and articulated to the interspace of the first and second dorsal vcrtcbne : it ia connate, 
at the part correaponding to the tubercle, with tho first broad costal plate, which arlj- 
culates by suturo to the lateral margin of tho first neural plate, and to portions of the 
nuchal and third neural plates ; the connate rib, which is almost lost in the substance 
of the eoatal plate, is continued with it to the anterior and outer part of the carapace, 
where it resumes its siiiicylindrieal form, and artienlateg with the second and (bird 



marginal pieces of the carapace. The neural arch of tho second doraal vertebra is 
shifted forwarda to tho interapaco hetween its own cenlmin and tiat of the first dorsal 
vertebra. A similar disposition of the neural arch and.epine and cf tho ribs prevails iu 
tho third to the ninth dorsal vertobra3 inclusive. The corresponding seven neural plates ' 
are connate vith the spines of those vcrteEne, and form the majilr part of the median 
pieces of the carapace ; tho corresponding costal plates, anthylosed to the rihs, form 
the medio-lateral pieces ; the ninth, tenth, and pj'gal plates, witb tho marginal plates 
of the carapace, do not ooalcsco with an^ parts of the endo-s^leton. The bony floor 
of the great abdominal box, or "plastron," is formed bjthe hcemapophyses andstcmmn 
connate with dermal obsoous plates, forming, as in the turtle, nine pieces, one median 
and symmetrical, answering to tho proper sternum, and eight in pairs : but they are 
more ossified, and tho hyo- and hypo-st^jmalB unite suturally with the fourth, MQi, and 
sixth marginal plates, forming the eide-walls of the bony chamber. The junction 
betireon the hyo- and hypo-stemals admits of some yielding movement. The iliao 
bonea, 62, abnt against the pleurapophjses of tho tenth, eleventh, and twelfth Tortebne, 
counting from the first dorsal vertebra. These three vertebm form the ea 
plourapophj'ecs are unanchyloscd, converge, &nd unite at their distal extremities to form 
tho articular surfhco for the iKum. Beyond these the vertcbne, thirty-five in number, 
oro free, with short, straiglit, and thick plcurapophysos, articulated to the sides of the 
anterior expanded portions of the centrums. They diminish to mere tubercles in the 
first caudal vertebra, and disappear in tho remainder. Tho neural archbs of the candal 
vertchna are flat abovo, and without spines. Tho strong columnar scapula, SI, is 
attached by ligament ta tho first costal plate, and, retaining its primitive rib-like form, 
it deaeends almost TPrtienlly to tho ahouldpr-joint, of which it forms, in common with 
corncaid, 52, tlifl gleuDid cavity. A strong Bubcylindrical process or continuation qf 
scapula, representing the acromion, benils inwards to meet its fellow at the middle 
line. Thi^ corseoid continnes distinct &om the scapula, expands, and becomes fiattened 
a median extremity, which does not meet its follow or articulate with the sternum. 
The iliac bones, G2, are vertical and columnar, like the scapula, but are shorter and more 
compressed : they articulate, but do not coalesce, with the pubis, 64, and iscHunt, 63. The 
acetabulum is farmed by Contiguous parts of all the three bones, Tho pubis arches inwards, 
andeipandsto join its fellowat tho median symphisis and the ischium posteriorly. Itsc 
outwards and downwards alongtbickobtuscprocesafrom its anterior margin. Theischia, 
1 like manner, expend where they unite together to prolong the symphyeis backwards. 
In the skull the parietal crista is continued into the occipital one without being 
extended over the temporal fossm, as in Ae turtle ; the &scia covering tho muscular 
ics in these fossis undergoing no ossification. The bony hoop for the membreua 
tympani is incomplete behind, and the columelliform stapes passes through a notch 
instead of a foramen to attain the tympanic membrane. Tho mastoid is excavated to 
farm a tympanic air-cell. In tho Australian long-necked terrapcno (hydrnfpii longKoUis) 
tha head is much depressed, the mastoids ore excavated by krge tympanic cells, and 
prolonged backwards : the frontal is produced forwards as far as the anterior noetril. 
where it tenniuates in a point between the two naanla, which aro here distinct fr 
prefrontals. The margins of tho upper and lower jaws are trenchant: the hypapophysis 
of the atlas has the form of a diminutive wedge-bone, forming as usual the lower part 
of the articular cup for tho ooeipitnl condyle: the rest of the body of the atlas, or 
" odontoid," has coalesced with its proper noTiral arch, which dovelopes h 
and two long posterior oblique processes, as in l\\e >:\icV^%. 
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In tlic true or land tortoises the tempoiiil oepicsdons ore cipaeod, aa in the box- 
tortoises and freeh-vitter lerrapeues ; the head is proportiona]!]' BmaJl, and cOn ho witli- 
diann beneath the pnitectiTe roof of the carapouo. Tha slnill is roundin- and leu 
di-prcaacd Uuui in tlia termpenea : the ibantala enter into the fbniiation of the orbiCnl 
bolder. The tympunk hoop it noCehcd bcbiud, but the coluniellifunn stupes pLisses 
Ihronyh a smiill foiomen. The [lalutino proceaaes cif the DiaiiUarics arc on ft phmc 
ranch below that of tLo eontinuadou of the basis craoii, famed by Ih-i vomer and 
palatines. Jn liiont qf the chelouja the nasal bono is coanato mth the prefrontal ; and, 
in oU, tlie tynipanio pedicle ia tiimly wedged bctwicntho bi-oad appends^i! oflho max- 
ilkry areh, formed by the malar, 26, and a^uamosal, 27, in fiDnt, and the mastoid, S, 
behiiid. Thobrood-hc'adedtcmipeno(i»(fem«nvi layaHJirjdiflbtsfrom otiior fi-esh-srator 
turtoiflw, and appcoathia the murine tortoiaea (turtles), by the vaulted bony roof arthlng 
over the temporal dopnwaiiMis. Thia roof is chiefly ftinncd by the parielals, bat differs 
fcom that in the tnrtloa in being completed kteraUy by a larger proportion of the 
sqaamosal than of the post&ontal, vhich docs not exceed it* iclative aico in other tcr- 
npenea. Tbo present spEcica further diflera from the marine turtles in the non- 
OBsifieiitioa of the Vomer uiul the conseciucnt abiciice of a gephuu in the posterior 
Dostiila ; intho greater breadlh of the ptmygoida, whicb send out a comprcHedrouadcJ 
procees into the Irauporal depressions : tho orbits also aic niueh mealier, and arc bounded 
behind by orbital proceasea of the post&untal and malar bones : the moatoids ami 
pnioccipitali arc more produted buekwords, and tlie entire xkull is moro dcpreiiEad 'Tig" 
in the unties 

The ordinary pceitiua of 1^ scii^uhu: extremity ia a atito of extreme protrntion, as 
ahowa in Fig. 20, with Ibo oleiranon, or tep of fli, throvni fom-atds and outwaida, 
and the radial side of the hand, or thumb, i, directed to the ground. The iiumeris, 53, 
is strongly bcqit in a sigmoid fiiirn, with the ooconal surfaec uonvcx and directed 
opwarda md outironla : the two tuborosities at the proximal <nd ore much developed 
and boil towtada tho palmar aspect, liouDding a duep nod wide gr<>avu : that which 
atmrera to the external tuberosity is the sm-alloat, and by tho rotation of the humenu 
it becomes the most iotcnml in pusitiou. Tlio praiima] row of the carpus consists of 
taai btmes — viz., a largo acapboidca, k imni]l liuiure, wcdgsd into the intcnpaeo of the 
ladiua end ulna, a large ounsifbnne, and a, aiuoll piaiformc. TI>e second row consists 
«£ five diitinct bones, eorresponding with tbc five digits ; those supporting the fointh 
^and fifth nnaweiing to tho os uneilbniio, Uie remaining three to the trapezium, trnpc- 
aoides, and magnum. The fList and fifth of the digits hare each one metacarpal and 
tnD pbnlnngea ; tho rest, t's Hi, iV, have each a motacariiiil and three phalanges. A 
awuDoidboae i4 placed beneath the iiictaearpo-phalangeal joint of the three middle digits. 
In the pdvie exBemity, the femur, 55, is algmoidally bent, but in a less de(;Tee 
than the humerus, and is a shorter bone. The patella is ligamentous : the synorial 
Joint between it and the femur is dictinet f^om the proper capsule of tho Imee-joint ; 
the iibola, 66, is longer and more slender thoa tho tibia, 66 ; a, small " fabella" ia 
Artici^tnl (D its i^per end. Tho proximal row of the tariiua enn^jsts of two bones, 
uatragaloS' and ealcaneum, which aouetimes become euiifluent. The distill row consists 
of five bones, iinir of whieh support the fbni noimal toes, and the £ftJi, a rudiment uf 
thn bUb. too without a claw ; tho fourth and Sfth of the tecond row of tarsals oniwcr 
to tho OS cuboides of higher animals ; the other three buncs to the three osen cuneiformia. 
The astragslar part of die aa^ J^rosiniaj bone would aei:m to include the scaphoid as 
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In tliB marfno ehelonia Oit digits of bott liniba are dongated, flattened, and united 
by a web ; tlio hniiiLi and feet having tbii furm of Ens. 

In all tbe i:hEkiua the Jang bones cif tiiu limbs are solid, iritbont medullary 

The Skeleton «f Blids.— From thu massive frame of the cold-blooded, boary, 
and proverbially alow tortoise, to the light, hot-blooded, flying bird, tbo triinaitJoii 
aeorna to be abrujit, and tbo discrepaBeij' between creatares so differently endowed 
citrcme ; nQverthclcss, at the cnnSnM of tbo fcat^iercd class, we find eomc aquatic apflcics, 
aucb as the pimguiti, incapable of fl^^t, bn.vLng the winga modified to act its flns, and 
much resembling tbose of the turtle ; with &e bones solid, and the feathcra r ai mbling 
acalea. All birds, lilce tovtoises, lay eggs, are devoiil of teetli, and hare tbcir Java 
aheathed with bom, mA ftirming a bill or beak. Most birds, howcvm-, enjoy theEii:uIt}- 
of iiigbt. 

If the stadcnt of comparative osteology will procure the skull of a roolc, a hawk, a 
Bwnn, or a see-giill, and vertically bisect it, be •tnQ hare a ready instonFe iltuatiativs 
of Bianooftbe ebaractcnstics of the osteology of the feathered ciosa. 
will diDW tbo ivory-like wbiteoesa and coiupactacss of the osseous tiasue, snd the 
ojxm caneclloua atructuro of the bones. He, will ace that uria admitted f 
chIU pwtly from the nasal pasEBges, and partly fVom the tympanic cavity which, i 
it from the cuataohiau tube ; from the latter tourcc, the proper bonca 
receive tkuir air. Sumo of the ohunetcristie fbatorea in tbu compoaition of the i 
birds may aba be notioed : u, toe example, the -obliteration of all the Qidinniy 
of the cmuum, cxee^ Aoee which nnitc the tympanic bone, 2S, to 
and that whidl unites flia pterjpiid, 23, to the baosphisioidl, 5 ; iv 
speedily obliterated in tho hoinm aubjitt. The premajdllary ia eooftuent with the nasal 
and uilh the maxilkry ; the nasal being continent witlt tbe fronfat audthe maxillary 
iritb the jugal. Tho Jogal and squamosal are iilso canllacnt, and fbnn a long lygo- 
uiatdc style in all birds, eoitnoeted at the hinder cilreinlty by n moveable glenoid joint 
to the outer and lower part of tho tynqianic. The pterygoid articnktcj, in liki 
with tho iimei and lower part of the ^mpanif^ the rnDTCmoitB of which arc thua 
eonununioatcd to the upper mandiblo, so br ai the junction of the nasal with tho 
frouto! odniila of snch independBnt motion. Tha upper jaw, or mandible, wiich 
iiieludca the vomer and uasala with th:i uiaxUlary arch and appendages, is mOTeable 
in a bird through the junction of tho nasals and noaal branch of the prcmBsillary 
with the frontal, by means of a moveable articulatiim, or by elsiitio plates. 

If the student will next separate one of tho rcrtebm of thetnink from the rest, anil 
rut out that portion of the long and broad breast-bone to whidi its pair of ribs arc 
attached, he will have a segment of the skeleton, aiKwrring to fliat figured in Fig. 5, 
p. 169. 

Tho cut Burfacos will demonstrate thp light celliiloaity oT tho divided bonca. The 
fallowing lettoTB inJicats the elements of such loodlficd vertebne of the thomx : y, eta- 
un, with its hjpnpophyaia -, p, parapophjsia ; d, diapophysia ; K, neural arch and. 
mdimcntal spine i jiJ, plcurupophijisis ; A, hEcmapaphyni ; ib«^ btemal spiue. The ten- 
dency of individual elements and bonc« to coalcace in birda hua already been illustrated 

ho cranium ; it ia shown, in moat birds of Bight, not only by the confluence of the 

trwn with the neural troh, bnt by that of several ooiHccutiTe centrums and nrjbi e 

( a aingle bone, in the oinplc cheat. In like manner tliD haemal apines, 
tinuB di»finrt in many vcrtebiata, hare hero conlesccd into a single bon^ which i 
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uticulatcB with the coracoid aborc, but is ccmflucnt vith its fcUav and with tt 
of tHe stemum helow. The ilinc bonea, 62, are remarkable ibr their length, and for 
the numbec of the Tertebne, or the gruat extent of the oondueat epinnl column, to which 
they ore ancbyloaed. Thej reach in the swan, and in moat other birda, from the tail 
ibrwaide to the vertobns nith mavoablo ribs. ThoB Che aitlScial ohoracteiB nf a "lumbrtr 
vertebra" are wanting. Tho pubis and ischium un each side have coalesced with the 
ilium to form the lower boundary of the widcly-perforBted acetabulum. Tho pubia ia 
long and slender, joins tha ischium of its awn aide nuiir its lower extremity, but docs 
'ts fellow ; thus tka fonimon ovale ia definod, but there ia no symphysis pabia : 
the absence of this symphysiB facilitates the expulsion of the largo ovum with its 
unyielding colcaioous shell. The ischium eoaleacea postciiaily with the ilimn, and 
canrerta the iBcMadto notch intji a foramea. The caudal vcrtebrte, Ci!, a 
number, with brood transTerac procOBsoB formed by confluent plourapopbyaos, the limits 
of which may still be traced. A hxraapaphyaia is nrtieulated (o the lower interapace, 
between the fourth and fifth caudal, and ia anchyloaod to the siitb. Tho humonia of 
Qme of the larger birda of flight—e. j., the pelican or ndjulant cnmo— is remarkable fbr 
ta ligbtnose, oa compared with its bulk and souming solidity ; it is, in fact, a 
if compact oaseauB tiaauo. The orifico admitting air to its largo cavity is benunth tho 
great tubcroalty at tho proximal end. 

The kcol ia excavated, not only for the reception of an air-cell, but likewise for a 
fold of tho windpipo, which fold expands \nth ago, and lies horiiontsUy in the aub- 
atoncc of the bock part of the atcmum. Small pneumatic foramina are situated at the 
anterior and iimor surface of tho bone, and perforatu the njticuliir eurfaces for the sternal 

la the skeleton of the wild swan (Pj/jmbs Jenis) (Fig. 24), hare selected oa an illns- 
trution of ths omithio modification of Iho vertebrate type, there are not fewer tban twenty- 
eight vortebne, C S U, bctn'ecn iho skull and ihe sacrum, tho laat six iif which, D D, 
aupport moveable ribs : of these the Srst and second pairs are free ; the next four are 
articulated to the sternum by bony haimapophyses ; the last five pairs of ribs Rre 
attached to liie aacrom. and also to tho atcmxmi ; but tho tenth, or last rib on the left 
ia very rudinionlary, being only about one intli in longth. There are eight oaodn! 
vcrtebrs, Cd, The trachea or windpipe penetntt^ tho aCemum, and bends and winds in 
the interior oftho bone before returning to enter the cheat. The apui of the furculum, 58, 
bends upwards, and forms n hoop over the windpipe as it enters into the keel of the 
breaat-bone. The furculum, somctimea called "merrythought," eonaisla of the two 
claviclea confluent at their lower free enda. If a portion of tho one side of the 

oved, the tortnoua trachoa which it incloaes will bo exposod. To the great length 
and peculiar course of the windpipe in this apeciea is to be attributed its rema^tably 
id and harsh voice ; whence tho name hooper, or whistling swnn, has been derived ; 
d ia appEed in contradistinction to the domeatio or mute awan, in which, 
other birda, tho trachea proceeds at once to tho lungs, without entering tho stemuin. 
In tho female of the wUd species, the conrae of the traciea is much more limii 
D the mole, seldom penetrating t^ sternum bo a greater extent than &om threi 



The breadth of tho sternum, and the strong ridge or keel that deacends from the 
lid-line of ita under anrfaee, relate to the increaaed extent of surface required for the 
Btl«ehment of tho " pectoral" muscles, which are the active organa of flight. In the 
luid-birdB devoid of the power of Sight, suoh aa t^e ostrich and apteryx, the keel ia 




222 SKKLETOX OF THE DUCK TMBE. 

Winling End the stdnuni is short, lia vnrioua proponions, procBBsts, notohM, lud per' 
fornlioiH render it a very diaraoteristiD bone in biida. 

In DO order, firondod upon inadifienticins of the feet, is Ike Btemma more diveraiflod 
in cbaraoter than in the palmipedes or wi!i)-foot(;d oiiier; for in none are Iho pOB'etH of 
flight enjoyed in Buch ditfcrent degrees, tie eiEHascd in Eutt Yarious ways, irom tliH 
ftigaW-bipd dowB to lie pf^ngnins, where the power of flight ia ahrogated, and tie rudi- 
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In the goose and duck tribes, ta well as thn sruis {nimirei, Linn.), the t 
Inng and broad, and presents two niodecately wide aad deep hind QOtches ; the coitd 
proeessos are usunUy sulx^uodrata ; tho ooracold j^;roavei arc continued in)« oni 
another at the median line ; Ihc costal tract forms about Imlf of the lateral margin ii 
€iiJ ducks and geese, and two-thirda or more in tlie EWiinB ; the inturpedonU ndge 
extends &om. the promioent part of tho corocoid margin IwckwiLrds, neady parallel 
to the Uteral mfli^in, to tho inner side of the lateral grooves ; tho back part of the 
sttimum botwcTSi the girwroB ia quadrate, with tho angles eli^tly produced in most ; 
there ia a short mannbrial proooss below the ooracoid grooTc. The form of llio storaum, 
it* long kocl, Biid the liookward produclaon of the long and slender ribs, girc a hoat- 
li^Ee figure to the trunk of these swiuuning-birds which ia well adapted to theij fayouritc 
mi>ilmiii and mode of locomotion. The bones of the wing or anterior eitresiity do cot 
present that eitniordinBiy devolapiment winch laightbe expected irota the powenof tbc 
uiontbeT of which tiiey form tha baais. The great expanse of the wing is gained nt the 
expense of the epidormoid Bjritem (quiDa and featlic:^, like halra and sodas, are thick- 
ened epiderm), and is oot excluiivelj' produced by folds of ihe akin leqniring ekoignted 
boDOs to Bujipiut tiom, as in the ftying-fish, tiying-liEarda, and bats. Tho wing-bones 
of birds arc howsTCr, bolh in tlioir fomu and nudes of artichUtion, highly charae- 
terisuo of the poima ami t^pUmiuBU of tbo mnacular apparatus icqusite far the diio 
ae^na of flight. Tbii bones of the shaulder consist on each dde of a scapula, iil, a 
coracnd, 52, and a cdaviole, £8, the claviulsa being, aa a goneral rule in birds, confluent 
at their Toedian ends, and so Gmnin^ a Hinglebone called '^furoulum" or "oafurcatoiium;" 
this further modification of the hismal oich in birds, repealing that of the ptbia and 
lower jaw in somo other animals, having oocosioaedan edditioiukl ^leciGc term ia omi- 
thotoioy. The scapols, 51, is a long, narrow, fiat sabre-ehapcd plato, espanded *t the 
htuneml end, where it forms eitenuUy put of the joint for lbs arm-bone eallcil 
" glenoid cavity," and extended badcwsrda nearly paiallel with tlut vcrlebtie, as far as 
tiiu ilium, 02, in the swan, and rcaehing to tlie last lib in tile swift ; but it is mnch 
tdionnr in the birds incapahla of flight. The coiacoid is the Etrongetf of the bones et Ihc 
MBpoIar srdi : it forms &e autccior half of the glenoid cavity, cxtsods abonr this part 
t« abut upon the fitioi^iun, aod i> continiiod downwards below the joint, (\xpan<iin^ to 
be IiEod in the timisrersD groove at iLe (bra part of the ateriLum ; it thus fcsms the 
ehief aiqiport of Che wing, and the main point aS ronitanoe doting its downward 
stroke. Ib the hvwks and other birds of prey, and id I^ ciowi and most passerine 
birds, a small bono (as humcro-cipsolarB) extendi between tho acapula and coroooid 
along the i^per put of Uie glenoid cavity ; thti ia ahsoit in the swau ami other swim- 
iuttA, as well as in the gallinmieous and wading birds. Thi; humerus, fl3, is usually 
lung and alendif bone, but is not always developed in length in proportion to the 
powers of Sight ; iot, although it ia ahoTtest in the struthious birds and pengnins, i\ 
also very short, but much tliicker and stronger in t^ swift and humming'birds. TLb 
head of the humcios is transreraoly oblong and convex ; it is further enlarged by tvo 
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Intanl. areata ; of those tho lupcrtor ii tho longcit, and U bent outwttrds ; the inferior la 
tliickcnad and inourred, tmd beneatli it is stunted thu ori&cc by 'wUcti the oil peoetrates 
iho oavit; of thu bone. The artioolm surface at the opposite or "distal" end is divided 
into two puts, ooB intemali for the obis, of a hfuniepherio Ibrm, the other also tonvox, 
bitt mare doogated and oblique, extunding some wsy upon the anterior luriaoe of the 
Uuioenu. The extremity of a long hone of ,a limb which is next the tnmk is called 
the "prDEittml" one; the eztieiaity fai:theM &oni the tnmk I^"dialal" one: they 
010 out always " upper" and " lower." The ulna, 5£i, glides upon tho inner bemi- 
Bpheriu tuburclo, upon the trocUear eaaal, end on the bock port of the outer convexity. 
A Ugamiiiit, uxtduding from the outer port of the head of the radius to the outer part of 
the olccnmDn, abovo tho posterior margin of the outer division of the articular surface 
of tlic ulua, playa upon tho baek part of the radial ooiivciity of the humerus, and c( 
pldtus the cavity i-ecolving it. Tho ulna is al'ways stronger than tho radius ; hut both 
are long, iIcnd>H', and nearly straight bones, eo articulated togothctr as to adimit o 
GQaruely an/ totatioa which adds to the rousting poirer of the wing in the action o 
night. Thouppci' port of the ulna, or " olecranon, " is short. In tho tendon attached 
it a Eoparntc aaaii:lu is develoi>cd in the swiA, and tn'o such boni:s in tho pen- 
guin. The ulna is often impi'ossed by the insertions of tho great quilt-fcathers of thu 
■ing. 
Tho bonaa of tho band are very long and narrow, with the exception of the two 
distinct or uuAnchytoscd carpal bonca ; these are lo wedged in between the antibra- 
chium, ol, o5, and the niutociirpxts, S7, as to limit the motions of tiiohand to abduction 
n-id a<ldui:tion, or those necessary for Mding up and spreading out the wins:. The hanJ 
Li thua fixed in a state of pronatiim; all power of HexioD, extension, and rotation i; 
removed from the wriet joint ; so that tiie ivin^ atrikea iirmly, and witb tho fiill force oi 
the dcptiHscd musoled, upon IJio reaistiiig air, The part of the band numbered 57 in 
Fig. 2i inoludoa the matooilrpDl bones of tho digits answering to the accond, third, and 
fourth of the puotailaotyle membera, wliiFb arc confluent at their proximal ends with 
oauh other, and with (be " oa magnum," one of tho carpal bonca, now forming the 
convex base of the middle metacarpal. Thia metaoaipal and that aiuwering to 
" fourth" digit are of equal length, ajid are also oonfluent at thrar distal enda ; hut the 
middle or "tbird" metacBipal ia much liie strongest. Tbot aoawering to the "second" 
digit, ii, ia very abort, and bite a mere process irom the third ; it supports two short pba^ 
joj in tho awetii. The third mctaearpal supporta thioa pbalangea, Hi, tiio fimrth a 
sia^ phalaBx, iv. All these ace wrapped u.p in a ^eath of integumeoC, nui nic 
atojogly baund togeticr ; so that tho wing Ioejs aoOun;; of ila power, whilst so mneb 
of tbe lyiiiciii atcucturo of tho member ia lotninDd, tliat every bone can bo referred to 
its correaponding bone in tbe moat c:ompletely doTslopcd ^a^^, 

In onaitholo^ the la^o quill-ifenthera that aro attached to &e idnar side of the 
hand aro Icrmed " primarise,' or primary fteatliors; those that are attached to the Ibre- 
. are the ^^ :^eoundariiGi" or aecondariea, njid ^^ 1ectri{;ea," or w^i^-corerts : tlioao 
whiob lie over the humerus are called " scapularias," or scapularies ; and thoae which 
itw attiwhed to the abort out'jr digit, m, enoneously called the "thumb," ore tho 
" ^urisi,'' or baatat'i feathers. Tbe bones of the leg do not present the aame number 
of scgmonta as thoae of the wing, ^t correaponduig with the carpus being wbolly 
blooded with tho one that succeeds. 

The pelvio booea ol^ thla oootrast with thtus of tho sbouldia-, that tbey ore always 
niiehyloscd oo, oitiivr sulo into one pieve, '' oa innominatinn'' and not at the m edian 
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'Vp$i Trfiilat tiia is the only place wleto the olemcnla of th.B Bcnpular apparatua are 
Iddtti by bone. In tho young bird the oa innomiimtmn is composed of Qirea bonoa. 
^Hie iUam, 62, is liattnned, elongated, usually imcliyloacd to a very long aaonim ; it 
fbnnB tha uppor lialf of tbo joint for tio thigh-bono, called " cotyloid cavity." The 
pnbis, 6-1, ia very long and elendur ; it does not meet ita follow at the middle line in any 
bird save tbo oatriob, but ia directed baekwards, -witb ila free eitteraity bent dovn- 
warda. The pelvia of the iistrich is ao vost, that the pubic junction completing it does 
not impede the csit of ths egg ; in olior birds the open pelvia facilitatee the paasage of 
that largo and brittle gunetatiTe product. The ischium, 03, is a. simple clongatad bone, 
extending from tho cotyloid cavity backwarda, parallel with the ilivtm ; ii 
coalesce as iu the awan, with both tlie ilium and pubia at its diatal end. 

The cotyloid cavity ia incomplete behind, and ia closed there by ligament. The 
femur, 6fi, ia a short, cylindrical, almost straight bono ; iJia head is a amal" " 
preaenting at ita upper part a depresaion for the " ronnd ligament." Tha ainglo large 
" trochanter" genarallj' rises above the articular eminenee, and is oontim: 
outer side of the sbnft. The orifice ibr the admission of air is situated in 
sion between the trochanter and head. The distal end presents two condyles, the inner 
one for the inner condyloid cavity of the tibia ; lie outer ono for tha out«r cavity of 
iLo tibia and for tho fibula ; the outer condyle ia produced into a semicireular ridge, 
which pasMS between the tibia and fibula : Ihia ridge puts the outer elastic ligament on 
the Btreteh, when the fibola is passing over tho condyle, and the fibula ia pulled into a 
groove at the back of the condyle, with a jerk, when in extreme lieiion ; this spring- 
joint id well cieraplifled in both the sM'aa and wator-hcn. 

The proximal end at the tibia ia divided into the two shallow condyloid eavities 
above noticed : two ridgeB are extended from ita upper and anterior surface : iJio 
strongest of theac ia tho "proenemial" tiAgc, and is slightly bent outwards; the shorter 
one on. the outside of this ia the .'^ ectocriemia]" ridge ; they are usually united above 
by a transveiso ridge, called " cpicnemial" ridge; this is developed into a long 
proceaa in the divers, grebes, and guillemota ; a fibular ridge projects slightly from the 
upper third of the tibia fbr junction with tho fibula. The distal end of the tibia forms 
a transverse pulley or trochlea, with the anterior bordeis produced. Above tho fore part 
of tho trochlon is a deep depression, and in m:my birda an osseous bridge eiteade 

Tho third ecgmcnt of the 1^, 69, is a compound bone, conaisting originally of ono 
proximal piece, short and brood, presenting two articular concavities to tlic two thick 
Odd round borders of the tibial trochlea, of three metalaiaals which coalesce with each 
other and with the above tarsal piece, and of one or more bony processaa which are 
OBsified from the back part of tho proximal piece, or from the proximal ends of the 
metatarsala, and which, from their relations to tho extensor tendons, arc called " cal- 
caneal" proccascs. In most birds a small rudimcntol metatarsal, aupportinjr the iimer- 
moat toe or " hallux," i, ia articulated by ligament with the innermost of tho coalesced 
metatarsala, and ia properly included in tho same acgment of the limb. The three 
principal metstxraals are interlocked together before they become anehyloaed, the 
middle ono being wedged into tho back part of the intenpace of the two lateral 
above, and into the fore part below, passing obliquely between them. The period 
which these several oonstituenta of the " toiso-metatarae" coalesce ia i' 
birds that con fly 1i"n i in those that cannot ; and tha extent of the coalescence is least 
a the penguins, in which tho true nature of the compound bone ia best seen. 




the ^M 
ast ^H 



STRVcruRK 11 






r IN BIRDS. 



225 



ThemodificatlonBof the tnrao-nii^latBrso etc uliiefly m 
md tiiiclmesa, in the relative lengtli of tho throe mela 
complexity of the calcaneal processes. 

The inner of the two cavities for the condyles at the proximal end of tho bono is the 
" entooondyloid" cavity or surface, the outer one the " eotocondyloid " Hurfkoc; they 
ara Bcparated hy an " intcrcondyloid" tract, &am the fore part of vMoh thcro nEuoIly 
liaoB on inCexaoniij'lotd tuberosity. The entocondyloid cavity is usually the largest and 
doepeet : it is bo in tho taven, in which the base of the intercondyloid tubercle extends 
□vor tho whole of the intcrcondyloid space. There are three calcaneal proceases : one, 
called the " entocflloaneal," projects from below the entocondyloid cavity, and Ha, 
tiio back part of the nppcr end of the entometatoise ; a second, called the "mew 
oalcaneal," from tho intcrcondyloid tract and the mescmetatarse, and the third called 
" cotocalcaneal," from behind the ecloeondyloid cavity and the cctometatarBe. These 
three processes aro united together by two transverse plates circumacribing four canals, 
two smaller canals being Anther earned betwei^ the ento- and moso-oalcaneal processes. 
The primitiTC Lnterosseaua spaces ara indicated by two small foramina at the upper and 
back part of the shaft, which converge as they pass forward, and terminate by a single 
fomjm^n at the fourth part of the anterior concavity. A similar minute lumal is retained 
botwocn the outer and middle metatarsals, neoj their distal ends ; each metatarsal thea 
becomes distinct, and dovelopes a convex condyle for tJio proximal phalanx. The middle 
one is the largest, and extends a littie lower than tho othirr two ; it is also impressed by 
a median groove ; tho moro comprcBsud lateral condyles aro simply convex, and are of 
oipial longtb. A rough aurfaoo, a littlo way above tho inner condyle, indicates the placa 
of attachment of the small metatarsal of lie hallux. 

In the Bwan and other anscrino birds the colcaneal prominence presents four longi- 
tudinal ridges, divided by threo open grooves, tho innermost ridge boing tho largest ; 
the shaft is subquodrate, with the angles rounded, and none of the surtacos ore chan- 
nelled. Tho inner oondyle scarcely extends tefaro the base of tho middle one ; the 
canal perforating tho outer intercondyloid space is bounded below by two small bars 
passing from the middle Co tho outer condyle, and which bars define the groove for the 
adductor muscle of the outer too. 

The tarso-metatotse of tho diver (ra/jnyiius) is remarkably modified by its extreme 
lateral compression. The onto- and ccto-oalcanca ore prominent, oblong, subqiiadia.to 
plates, inclining towards each other, but not quite circtimaeribing a wide intennediato 
space. The broad outer and inner sui&cea of tho shall are nearly flat ; tha narrow 
fore and hack surbcca ore channelled ; tha anterior groovo loads to tho wido canal, per- 
foratiag obliquely the shait above the outer intercondyloid space, from which a narrower 
canal conducts to that interBpaco. The middle and outer troehlenj arc nearly equally 
developed ; the inner one stops short at the base of the middle one. 

Tho number of toes varies in different birds ; if tho spur of the cock bo regarded as 
a rudimontal too (which is not, howevor, my view of it), it nzay bo held to have five 
toes, while in the ostrich the toes are reduced to two. Birds, moreover, are the only 
class of HP'""''' in which the toes, whatever be their number or relative size, always 
differ from one another in tho number of their joints or phalanges, yet at the same time 
proseut a constancy in that variation. 

The ionermost or back toe, i (Fig. 24), answering, as I bdliove, to the "hallux," or 
innermost digit of tile pcntodoctylo foot, has two phalanges ; the second toe, I'l^ has three, 
the third toe, I'l'^ lour, and the fourth toe, I'r, il-ve phahmges ; I believe tha^nt ^ssm- 
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mg to the fifth in lizanls and uthar pcntadnctyle auiiuEila to bo tcanting in thu Incd'.- 
foot, and tlie epui, sometimes einglo, eometmes double, as in Fano bicakaralut, to be a 
BQpcradded weapon to the metatarae. Aa the toes in the tridoctylc emen, cosaonat;, 
and biutard, have respectiTely three phakDges, four phalanges, and five phalanges, iie 
Tocogmac them aa answering to Iho second, third, and fourth in Dlhor hiida ; the tma 
in tho didactyle oatrioh have respectively four aod Qre phalanges, and what is here 
trulj suggestive, the outermost, which is much the smallest and shortest toe, has thf 
greater numbor of joints, viz., five, iLus retaining its ornithic tfpo, as the fourth, or 
outermDst, toe, 

Tho vntira fbrm of the body, and conseq^uently that of its bony framework, in a 
bird, hoB special reference to the power of Sight. The trunk is an oval witb the largs 
end forwarda. The ycrlabral column of this port is short and almost infloiible, so that 
the muscles act to great advantage ; the spine of tlie neck being long and flexible, the 
cenlro of gmvily is readily uhaugod irom aboTe the feet — as when stamling or n-olking 
— tD botnecn and beneath the wings during flight ; when suspended in the air thu 
bird's body naturally folia into that positioQ, which throws tlie centre of gravity beneath 
tbe wings. The nvi" of mnUon being situated in a diJfcrcnt place in the line of the 
body when walking from that which is used when flying, the discrepancy requires to be 
compensated by some maans in all birds, in order to enable them to porform Qight with 
ease. Kaptoriol birds take a horizontal position when suspended in tho sir, and the 
compensating power consists in their taking a more or less erect position when at rest 
Another class, including the woodpeckers, wagtails, &c, take on oblique position in the 
air ; with these the compcosating power consists in thtdr cleaving and passing throngh 
the air at an tmgle coincident with the position of tlie body, and pcrfoimiag ^ght by b 
series of curves or saltations. Itatatorial birds sometimes need very extended flight ; 
they take a very oblique poaititm in the sir, stretch out their legs behind and their 
neck in front ; they have the ribs greatly lengthened, the integuments of the abdomen 
are long and Qezible, which enables them grcatiy to cnlargo tlie abdominal portion of 
their bodies by inflating it with air ; tliis causes a dcoroase in the spociGc gravity of 
that part, and raises it to a horizontal position ; the compensating power consists in the 
posterior half of the body becoming specifically lighter, while Gie speciflo gravity of 
the anterior half romains unaltered. When they alight they drop the legs, throw back 
the trunk by bending the knee-joint, and bring the bead ovi^r the trunk by a graceful 
sigmoid curve of tho long neck, as in Fig. 24. The act of swimming is rendered cosy 
by the spoclfie gravity of the body, by the boat-like sbape of the trunk, and by the 
conversion of the hinder extremities into oars, in consequeoce of the membranes uniting 
the toes together. The eScct of these wob-fcet in woter is further assisted by the toes 
having their membranes lying close together when carried forwards ; whilst, on the 
;ontrary, tiiey are espanded in. striking bstckwarda. The oar-liko action of the legs 
is still further favoured by their backward position, — an anlmgeiuent, however, which is 
unfavourable for iralking. 

Borelli was the first wbo, by camparison of the anatomicnl peculiarities of the 
human fiame and the structure of birds, demonstrated, to a certain c:ctent, the impossi- 
bility of the realization of ths clicrishod project of flying by man. He arrived at this 
conclusion team a comparison of the form find strengtii of the muscles of the ivings of 
birds with the corn«ponding muscles of the human body. 

Pxlnolpal Foima of the Skeleton. In the Claae Munmallm. 
Mammalia, which includes tho hairy quad nipeds with tlic naked apodal whales 
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liiped man, the form of tho aoimal is modified for a great dirersily of kinda and epliDres 
of locomotiau. Some live esduavolf in tho occru, and oleavo the lii|md eli^mcnt under 
the form and with the locomoCiYe powers of fishes ; aomc frequent Iho fresh wstem ; 
some pasa a BuliUirancous oxistenue, and woA their way through tho solid eaitli ; 
some mount aloft to seek and seize their pra7 in the air ; some pass their Uvea in 
trcus; moat, howeter, dwell on tho earth, with various powers of walMng, ninjiing, 
and leaping. Lastly, man is modified to sustain his frame erect on the hinder, now 
become in him the lower, limlia. 

In the Mammalian class, aeeordingly, we find the limbs progresaiyely endowed with 
more yaiied and complicated powors. They retain in the Cstacea (whale and porpoise 
tribe) their primitiTB form of flattened fina ; in the Unpilaia (hoofed beasfa) one or 
>t the digits acquire the full oomplement of joints, but have the eitnsmity enve- 
lopod in a dense hoof ; in the Vhffmailiita (quadrupeds with rlaws) the limbi:, with 
ampler proportiona, have the digits liberated, and anned with clawa confined to the 
upper surface, leaving the nnder Burface of the Ioob free for the exerdEe (if touch ; in 
'b the hand is ahortened, thickened, cipanded, and converted into a sort of 
spadu ; in tho bat tlie fingers are lengthened, attenuated, and made outstretohera and 
supporters of a pair of wings ; in the Quadrumana (a[ie and monScey trihea) certain 
digits am endowed with special offices, and by a pBrticular position emibled to oppose 
tho othiiTa, so as to seine, retain, and grasp. Lastly, in Man the offices of support and 
locomotion are assigned to a single pair of members ; the anterior, and now the upper, 
limbs being. left free to eiiecute the various purposes of the will, and terminated by a 
haod, wbicb, in the matchlcsa hoimony and adjustment of its organization, is mndothe 
itablo instrument of a rational being. 

In contemplating and comparing tho skeletons of a series of mammals, the most 
striking modifications are obBcrvable in thevtructure and proportiona of tho limbs. 

There are a few osteological chamctfrs in which all mammalia agree, and by which 
they dififer from tho lower vertebrata ; and some have been supposed to bo poouliar to 

n that are not so. The pair of occipital condyles, e. r/., developed finia the 

:cipital3, are a repetition of what we saw in tho batrachia. Tho flat surfecea of the 
bodios of tho trunk-vcrtohriB were a chBractcr of many estiuet reptiles ; but these 
surfaces in mammals are developed on aeparato epiphysial plates, which eooleBOe in 
the course of growth with the rest of the centnSi. Moveable ribs, projecting freely 
(pleurapophyses) in tho cervical rcpon, may be fonnd in a few exceptional cases (sloths, 
monotremes) ; bony sternal ribs (hiemapaphyses) eidst in most SAnteln ; a coraeoid I 
extending, as in birds and lixaids, from the EcapnlB to the sternum, with an " epicoro- 
loid," as in liiarda, is present in the monotremes (platypus or duek-mole, and oohidna ' 
or spiny ant-eater, of Australia) ; tho cotyloid cavity may be perfciated in the same low ' 
mammals as in birds ; the digits ma; have the phaltinges in varying number in the 
1, and exceeding three in the same finger, i. g,, in the i^Lala tribe. Bat the 
following ostaological chaiBctera are both common and peculiar to tho mammalia. The 
nosal, 27, or second hone of the bar oontinaed backwards from tho maxillary 
arob, is not only oipended as in the chelooio, but developa tho articular surfoco for tlm 
nmndiWe, and this aurfaco is either concave at some part or is fist ; each half or ramus 
of the mandible is oastBed from a single centre, and consists of one piece ; ondtiia 
condyle is either convex or is flat, never concave. Tho presphenoid (centrum of Hio 
parietal vertebra) is developed distinot!}- from the baaisphenoid; it may bectmie con- 
fluent, but is Dot comiate, therewith. 
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228 SKELETON OF THK VHALE. 

One known mnmmal (tio Ihrec-tocd slotJi) has moco, and one {tho manateo or se*- 
DOir) Laa less thim seven yertebne of tho nciJL In tho rest of the class these vertebne, 
wtioh have the pleompophysea short and uaiuiUy anchyloaed, aro seven in nnmbar. 
Skeleton la ttie Cetacea oz WliaJa Tii1ie.~lQ the skeleton of the vhnle 
(Fig. 25), which to outward appear- 
^S- 25- anoe aecniB to have as little neck is a 

Sah, there ace aa many cervical ver- 
tehrx aa in the long-necked giraffu : 
this is a Tcry atriking instance of 
adherence to type within the limits of 
a class ; the adaptation ta form and 
function ia effected by a change of 
proporkou in the liotioa j thf^ cervical 
vertebne in tho whale aro flattened 
&om before backwards into broad thin 
plates ; in tho giraffe (Pig. 30) they 
aro produced into long subcylindjical 
' bones. In the whatea tho movementa ' 
of thoBE vertebriB upon one another 
are abrogated, and in the grampus 
and porpoise the seven verlehrce are blended together into a ainglc bone ; they thus give 
a 6xm and unyielding support Co the large head, which has ia overcame tho resiataiice 
of the water when Uie rapid owimmer ia cleaving its courae through that clement. The 
dorsal vertebne ore characterized in all mnnnmalia by the audden increase in the length 
and size of the rihs, which, in a certain number of those vertebne, including the first, aro 
joinedtoabiGOst-boneby aoomjuonly caitilagiDOns.rarely osseous, port. The first rib ia 
ramaikabla for its great breadth in the vhalu ; this snd a few fallowing ribs ore joined to 
a short and broad and often perfbratcd sternum (Fig. 2G),No. 60 ; the remaining ribs aro 
free, or, as they would be called in Human Anatomy, "false." They are articulated to the 
ends of diapopbysee, which progressively incrsase in length to the end of the dorsal aeries. 
Then follow vcrtobno without ribs, answering to thoee oaKcd "lumbar." The whole 
hinder part of tho trunk of whalca being needed to effect tho slrakea by which they aio 
propelled, its vertebra) are as free irom anchylosis aa in fishes ; there is conacquently 
no " sacrum," and the caudal vertebne aru eounlcd irom the first of those that hare 
"chevron bonca" articulated to their undcT port. This special name is given to t^ 
Tertubialolcmonls called "hmmapomophysea" (ace Fig. 2H, A), which are articulated in 
Oetacfia as in crocodilio, directly to the under suifitce of the contrum, and, ooolescing at 
their eppoai(4> ends, develepo thence a "hmmal spine/' and form a "hcomal^' canal 
analogous to, but not homologous vrith, that in flahes (compare No. V, h, with No, I, p, 
in Cut XO, p. 1S2). The caudal vertebral of whales furthEc differ from those in fi^es 
in retaining the transverse processes, and in bocaming flattened from above downwordei 
without coalaseing. These modi&catians relate to the support of a caudal fin, which ia 
extended hodzontally instead of vertically. 

Wholes and porpoises progress by bounding movements or undulationa in a vertical 
plane, and their necessity of coming to tho surfaco to inhale tho air directly, as worm- 
blooded mammals, calls for a modification in tho iiirm oftho main swimming inatrumeiit, 
Boch SB may host adapt it to effect an ca^y ajid rapid ascent of the head. 

22e Bourse oftiu: irhola is stopped and modified by the action of the peotoial limba, 
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vMoh ue tb? Mme parts oa thoao in fish.ea, bat canatnided more a&at the bighcr tdt- 
tabiate tyje. Tbe digital raya do not exceed five in number ; but Ibey consist of man; 
flattened plialanges, and are cnTeloped in a common eheath of integument. A radius, 
55, and an ulna, 54 (Fig. 23), support thes carpal sorioa ; but, instead of being directly 
articulated to the scapular ordi, tbey aie suspended to a humerus, 53 : this ia a, abod, 
thick bono, mth a rounded head. The acapula, 61, is detacbed &oin the occiput, has a 
short, stunted, ctmuHiid anohylosed to it, and is thus beeij suspended in the flesh ; it 
dovelopes an acroiuial process ; the ulna, 61, is produced upvaids into an olecranon. 
'With all those marica, however, of adhcsioa to the mammalian type of fore-arm, the out- 
ward aspect of tho limb is as strnplo as ia that of ttie fish'a fin ; it moves, as by one joint, 
' upon tho trunk, and it restricted to the fimcticna of a pectoral £n. 

In the huge skull a! the whale the broad TcrticBl occiput may be ncticed, by which 
the head is coonectcd, through the mediunt of a short consolidated neck, with the trunk; 
the wbole crsnium aeoma to have been compressed above, from before backwards, bo 
that the small nosnl bones, 15, articulating with the short and very bread frontals, form 
the highest part of the skull. The long maxillaiies, 21, and premaiillaries, 22, extend 
baetwards and upwards, to articulate with, the nasals, and complete with them the bony 
entry lo the air-passages, situated so favourably at the summit of the cranium. The 
noBtrila, formed by the soft parts guarding that entry, are called " blow-holes ;" they 
:e double in the whales — ainglo in tho smaller oetao^i. In the whales tlie " baleen" 
r "whalebone" plates aie attached to the palatal aurfice of the maiillaiy and pre- 
maxillary bones ; tho expanded toothless mandible supports an enormous under lip, 
which covers the whalebone plates whea the mouth is shut. The skeleton of the great 
flnnor whalo {Balamopttra toopi), from wMch tho foreshortened view (Cut 26) ia 
" an, was nincty-sii feet in length ; tho rclativo dimcnaions of man is given by the 
outlincH of the skeleton at its aide. No known citinct animal of any class equalled 
this living Leviathan in bulk. 

There are a few whale-like minnmnlg, equally devoid of rudiments of hinder limbs, 
vhloh obtain their sustenance from sea-weeds or sea-aide herbage. They hare teeth 




iDKo {Baliairi Anatralia). 



adapted for bcuiaiog luoh substances, and the movementa of tho head in graring 
require the cervical veitcbrm to be unonchylosed ; theso are, however, short, and in 

■3 but sii in number. In the dugong (Tig. 2fl), one of these hcrbivorona U^ 
la freqaenliug the Malayan ami A.iBta^BB. ^iuiwa,'&ii -st^^s «ai.>B"«'« \, 



\ 



I 



230 BKELETIIN OF THE WALKTTS, 

jaws ue eiDgulody Iiiait down, and Ihu upper jaw is armed with, a pair of short tnakB, 
Tha bones of all tbcae cotacea aro eingiilarly maasiTO and compact. Tlirefl or four of 
the anterior thoraoio ribs are joined to a sternum — the rest are free. Oaa of the Tertabraj 
tcrveaing between tba costal and caudal scriea has cotmoctt^d with it a simple pelvic 
cb, in wbidi the ilium and ischium may be rccugniacd, and a still more rudimental 
condition of Bueh arch is Euspended in tie inguinal muscles of the Iruo eolaiea. 
Most of the caudal vertebne (Fig. 26), trf, of the manatee and dugong, have long 
diapophyses, and hEemal arches [Fig. 26), A. The ttinninal vertebriB are flattened 
hoiiEoiitally. 

The lacteal organs of the dugong are placed on the breast, and the pcotoial Sia, in 
the female at least, are applied to clasp the young ; and the animal bo observed, with its 
ra head and that of its young above wat«r, has given riso to the fable of the aircii 
id mermaid. The bonca and joints of the pectoral fn aro accordingly better developed 
than in the ordinary whales. The Hist row of carpal bones, &6, consists of two — one 
articulated to the radios, S5, tbo other to the tiIir , S4, and fifth digit, S7, t, and both 
to the single bono representing the second row. The first digit, i, consiate o! a short 
metacarpal ; the metacarpals of the others Buppoit each three phalanges. 

Skeleton of tlie Seal — In tbo seal triho (Phocid^) another and well-maried stage 
is gained in the de%"Clopment of the torrostrial instruments of loeoinotion. Hind limbs 
are now added— the marine mammal baa become a quadruped. The sphere of life of 
the seals ia near the shores ; they ofl^n come on land ', they sleep and biing forth among 
the rocks and littoral caves : henco the neoeasity for a better defolopment of tbo pectoral 
limbs, althoogh these, lite the pelvic ones, stUl retain the generfll form of fins. Tho 
f. ^h -hunting Kills msko more use of the head in independent movements of sudden 
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uma to Ac right and lefl, than do tbo cotaces of like 
orlca the head, as tho place of attaebmont of its long, 
various naovements required in clajubcring over floes 
d bergs of ice. Accordingly, in the seal tribe we find the seven nflelt ycrtohrE (iS.) c, 
longer, and with more floishcd and ficc-playing joints than in the whales and dugongs. 
which they can bu thrown during retraction of the bead, eip( 



cs:tenaion, rctraefion and'qnick t 
diet; and the walrua (Fig. 37) w 
Seal, down-growing titsks, ij 
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inAa one of the extent of flexion of thi3 part 



prooeeacB of the last 
Tbo neural archcB of the 
leaving wide improtefltcil 



that in roost of^er mnnininTH^ and almost ] 
of the spine in Mcds. 

In the walrua, tlie skoletan ofwhicli ia hero aelectedlo cscmpliiy the phoeal modi- 
fication of the mammalian akdeton, the Tertebrnl formula is : — 7 cprrical, C, 1 1 dorsnl, 
1), 6 lumbar, L, 3 aacral, S, and B candal, cd. As, in ctmsequcnce of Ita prcaonCB of 
hind-lirahs, a aacrum ia now oatabliahed, the characters of tho nboTO Atb kinds of body- 
Teitcbrs:^, ns defined in man and other mammalE, may here be given^ the cervical or 
neck vertBhr» "have perforated transverse ptoeessea," the dorsal yertebr» "bear riba;" 
the lumliar yertA-bno " have imperforate tranaverae processes and no ribs ;" the aaersl 
vertebriB "are amJijIosod together ;" tho rcat are caudal vertebrfB whatever their modi- 
fications. In the aboTo charaetcra, the teim " rib" is given (o tho vertebral clement 
called " plcurapopbjais," when this is long and moveable; that element maj he, and 
often is, present, hut ehort and fixed, in both cervical, lumbar, Eacral, and caudal vette- 
brte ] in some mammal a, e.g., monotrBmea, the plBurapophjsis may remain nnan- 
ohyloscd in some of tha nedt-vertebne, but it is short, like a transverse process ; and the 
so-called "perforated tranaverse process" in bH mammals consists of the diapophysiB,para- 
pophyais, and pleurapophysia ; theholebeingtbe interval between those parts: inthclum- 
bsc vertobne the pleui'apophysis is short, aod confluent or connate with the diapopbysia. 

Itotitming to the skeleton of the walma, we find that nine puis of ribs directly join 
the Btcmum, which consists of eight bones. The trausvei 
cal are imperforate, consisting of the diapopbyaia only, 
middle dorsal vartohnut are without spioea and very nam 

intciTala of the neiiral cnnaL Tho bones of the nock ars modified Id allow of grwit 
extent and freedom of inflection. The perforal*d trnnsveree processes of the third to 
the sixth oervicale inclusive are reniarkable for the distinctneoa of their conetitacnt 
parts. Inferior ridges and tuberous processes, eailed " hypapophyaea," are developed 
from some dorsal and lumbar vertebra. Th<fle processes indioato the great development 
of the anterior vertebral muscles, t.g, the "longi colli" and "psoBB," and relate to thu 
important share which the vertebne and muscles of the trunk take In tho louomation of 
tho seal-tribe, especially whan on dry land, where they may be tailed " gaatropods," in 
respect of their peculiar mode of progression. Tho walrus alone seems to have the 
power of supporting itself on tho fore fins, ao as to raise tho belly &am the ground. 
There is no trace of clavicle in any seal. Tho uppi^r part of tho scapula exceeds the 
lower one in Iireadth. The apine turminatea by a short and simple acromion. The 
humerus is short and thick, and is romarkatlo for the great development of the inner 
tuberosity and of the deltoid adgc, which ia deeply excavated on its outer side. The 
inner condyle is perforated. The scaphoid and lunar bones are connate. Although the 
poHex or tho first digit exceeds tho third, fourti, and fifth in length, it presents its 
charaeteristio inferior number of phalanges, hy which the front border of the finis ten- 
dered more reeiating. The polvit arch ia remaikable for tho stunted development of the 
ilia, and the great length of the ischia and pubca. Tho femur ia equall; peculiar for 
ifa ahortncsa and breadth. The tibia and flbula preaent the more usual proportians, 
and arc anchyloscd at their proximal ends. Tho bones nf tho foot are long, atroi^, 
and are modified to farm tho basis of a large and powerful fin : tho middle toe is the 
ahortesf, and the rest incieaso in length to tho mnrgina of the foot ; tho inner toe has, 
nevCTthelosa, hut two phalnngea, the reat having three phalanges, whatever their 
length; and thia ia tho typical character, both as to tlic number of the di^ta and ^tsin 
joints, in both fore and bind feot of Che mammal. 
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In the living irolrua and seal the digits of cact eitromity are not only bound toge- 
tlier by a common liroad wefa of akin, but tliase of tile hind-limba are olosoly connected 
witli the ehort tail : being atretcbed out backwanls, ttoy aeeni to form with it ani 
great horizontal caudal fin, and tbey constitute the chief locomotive organ when tin 
animal is swimming rapidly in the open sea. The long bonca of soda, Uko tboae o 
whales, are aolid. 

With regard to the skull in tho aeal-tribe, it may he romarked Ihat on occipito- 
sphenoidal bono is formed, as in man, by the coalescence of the baaioccipital with the 
hasisphenoid ; the parts of the dura mater or outer membrane of the brain, called " ton- 
torimn," with the posterior part of tho " fnlj," are oeaified. The sella turcica is shal- 
low, but well defined behind by the overhanging posterior dinoid processes : the 
petrosal shows a deep transrerse cerebellar fossa, and is perforated by the carotid eanal 
The frontal forms a small rhinenccphalic fossa, and contributes a very large proportion 
to the formation of tho orbital and olfactory chambers. 

In Fig. 37, 82 is tie ilium, 63 the ischium, and 64 tho pubes, 05 is tho femur, or 
Uiigh-hone, 66 the tibia, 66' the patellaor knee-pan, 67 (he fibula, 68 the tarsua, and 89 
the metatarsus and phalanges of the hind-foot ; the numbers on tho other bones 
correspond with those in the slcleton of ths dugong. 

Skeletons of Hoofed Qnadmpeds— The Hone.— Tho contrast, as regards 
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the sphere of life and kind of movement between tbe seal and the hone is vsry great ; 
(he instnunenta of locomotion, and indeed the whole frame, need to bo very ditSereat 
m an animal that can onlj- shuffle on its bellj along the ground, and one that otn 



trsTeise tha anrface of the earth at the tMb a! four miloa m six mmutea and a half, ta 
was achieved hy the noted racpr *' Fljring ChUdurs," Tho modifications in the form 
and pTtxportians of tha locoiDotiTo mombcra ute acuordingly ogtreme. The limbs in the 
horse are as remarkable for their bngth and slvndomcsa, as in ike Eoal for their brevity 
and breadth. Both foro and hind limbs in tho horse torminato each in a ain^'le hoof ; 
tho trunk is raised high abovo tho ground, and is mure romarksblo for its deptli than 
breadth, OBpeoially at the fore part ; the neck is long and arched ; Tiio jaws long and 
slender, boing produced so as to fiicilitate the act of cropping the grass, and leaviog so 
much spaoe between fJie &ont teeth, i, and the grindors, in, as permits man to insert 
10 instrument called " bit" into tho mouth, whorebj he masters and guides bis noble 
ad valusblo four-footod ally, aa tho ship is steered by the holm. 
Were every animal constructed expressly and exclusively for its own peoniiar habits 
of life, and irrespective of any common pattern, it oould scarcely bo expected, beforehand, 
that the same bones would be found tn the horse as in the seal ; yet a oomparisoa of thdr 
akeletons, Cuts 27 and 28, will demonstrate that this is, to a very great degree, the case. 
The Ycrtehral formula of tho horse is ;— 7 coryiesl, C, 19 dorsal, D, 6 lumbar, L, 6 
sacral, S, and 17 caudal. Eight pairs of riba directly join the stsmuin, fiO, which oon- 
sistB of Eovon benes and an cnslfurm eartila^. The noural arches of the last five cer- ! 
vioal Tortebne expand above into flattened, subquadiate, horizontal plates of bone, with \ 
a rough tubercle in plaoo of a spine : the sygapophyses, r, are unusually large. The ) / 
perforated tranaverse process sends a plenrapophyais, pi, downwards and forwards, and ' 
a diapophysis, d, baotwords and outwards, in the third to tho sixth ccrvicaiB incluaive ; I 
in the seventh the diapophysisT part alone is developed, and is imperforate. The spinous 
processes suddenly and coDsidorably increoso in length in the first three dorsals, and 
lain their greatest length in the fifth and sixth, afa:i which they gradually shorten to 
le thirteenth, and continue of tho same length to the last lumbar. The lumbar diapo- 
physes ore long, broad, and in close juxtaposition ; tho last presents an articular eon- 
ty adapfod to a corresponding convexity on tho fore part of the diapophysis of tho 
first sacral. The scapula, fil, ia long and narrow, and according to its length and obli- 
quity of position the muscles attached to it, which act upon the humerus, operate with 
more vigour, and to this bone the attention nf the buyer sbouU be directed, aa indioa- 
of one of the good points in a horse. The coracoid is reduced to a mere oonflocnt 
3. Tho spine of the scapula, SI, has no acromion. The humerus, 63, is remarkable 
ho size and strength of the proximal tuberosities in which the scapular muselea at 
implanted. The joint between it and the scapula is not fettered by any bony bar cob. 
necting tho blade-bone with ttie breast-bone ; in other words, there is no clavicle. Tho -^ 
ulna, represented by its olecranal extremity, 5i, is confluent with the radiua, 55. Tho /., 
OS magnum in the second series of carpal bones, 56, is remarkable for its great breadth, J 
eorrosponding to the enormous development df the metacarpal bono of tho middle too, 
whioh ftmns tho chief part of the foot, Splint-ahaped rudimenta of tho molnoarpala, 
answering to the BOOond, ii, and fourth, iV, of tho pcntadactyle foot, are articulated roopeo- 
tivoly to tho trapeioidoB and tho roduccd homologue of the uneiforme. The mid-digit, 
111, consists of the metacarpal, called " caonon-bono," and of the three phalanges, which 
have likewise received special names in Veterinary Anatomy, for the same reason aa 
other bones have received them in Human Anatomy, " Phalanges" is the " general" 
term of those bones, as being inilicative of the plass to wliich they belong, and " hajui' 
apophyses" is tho " general" t«nu of parts of tho inferior arches of the head-BepnaoJa-, 
and just as, from the modi^caliDnB of ticBolnEmiigD5\i^B;s,ftu^\isisc c«toa ^Jl^K, "so^sSi. N 
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"maiilla." " nmndlbula," " ceratohyal," £c., bo liiE plialanges af tbjj bone'a foot are 
called — the firat, "great paalem bone," tlip accond, "small paatem bona," and tha 
tiiud, wbioh supports the boof, tbe " cofEn bone ;" a EeBunoid oegiclo boCween ttiis and 
the second in colled the " coronaiy." The ilium, 52, ii long, obliiiue, and nanon', like 
iti boniotype, Qm scapula ; the ischium, 63, is nnuauslly produoed badrwarda. The 
estceme points of theee two bones ahow the extent to wbieh the bending muaclea and 
exteD&iag muactes of the leg aro attached; and according to the distance of these points 
from the thigh-bone the angle at which they ore therein inserted bocomea more 
&vmirable for tlieir force ; the longer, therefore, and die more borizonttil tho petTie, the 
better the hmd-quartcr o{ the horac, and ita qualities for swiAness and mainteoanoe 
of speed depend muth on the " good point " duo to the development of this part of 
the s^leton. The femur, 65, ie charactcriEcd b; a third troohanter springing from the 
outer part of tho shall before tho grout trochantur. There is a splint-shapod rudiment 
of the proiimBl end of the fibula, 07, but not anj rudiment of the distal end. The 
tibia, 66, ia the chief bone of the leg. Tho hocl-bnno, " caluommm," is mach produced, 
and forms what is called tbe ^' bock." Tb& astragalus ia flhameteriaed by the depth and 
obliquity of the superior trochlea, nnd by ite eitensiyo and undivided anterior surface, 
vhi^'h is almost entirely appropriate by llie naYiculare. The OEtemal cuseiforme is 
the largest of the second series of tarsals, being in proportion to the metatarsal of the 
large middle digit, iiV, which it mainly snpports. The dimimebed cuboides articulates 
partly with this, partly with lie nidimtnt of Iho metatarsal coireapOTiding with that of 
the fourth toe, iv, A ainiilnr rudiment of tho metatarsal of the toe, corresponding with 
that of the second, u, utjculates with a cuneiforme medium — here, however, the inner- 
most of the second series of tarsal bones. 

Of all the other known onBting hoofed qoadmpeda, it would hardly be anticipated 





that the rhinocsros presented the nearest affinity to the horse ; one might rather look tO 
the light camel or dromedary ; but a different modification of the entire skeleton may 
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be triuiBa in the Bnimala witb toea in Even minilier, as compared wifh flie hoiBO and 
other odd-toed hoofed quadmpeds. In an extinct kind of horse (^Sippopofhen'tlin), tho 
two aplint-bonra are mure developed, and each snpports three phalanges, the lost being 
provided "with a diminntive hoof. In the extinct FakeotheHa tho enter and inner digits 
acquired stronger proportaonB, and the entire foot -was shortened. The transitiou from 
the I^!icotkeria, hy the crtinct hornless rHnoccros {Arent/ifriUBi), to the eiisting fbims 
of rbinocerofl, is completed. In the steleton of the rhinoeeros we ^d reEemhlonces to 
the horse in the number of the dorsal vcrtebrffi, in t}io third trochaDter of the femur, and 
in the nnmber of digits on each foot, albeit tha two that are hidden and rudimeutol In the 
swifter qnndmped are here made manifest in their full deTelopment : tho concomitant 
shortening of the whole foot, and streng^ening of the entire limbs, accord with tho 
greater weight of the body to be supported, clad as it is with a coat-armour of thickened 
tuberculated hide : the broader feet, terminatod each by three huo&, afford u lietter 
basis of support in the swampy looslitieB afiected by ibo rhinoceros. Both aeapuIiB and 
iliac bones are of grenter breadth, and less length. The ulna is fully developed in the 
fore-limb, and tho fibula in the hind-leg ; but t^cre is no power of rotation of t^ 
fore-limb in imy hoofed quadruped. The upper surface of the skull is reughencd for 
the attachmect of the horn, and in two distinct places where the species has two homa . 

If tho equine slciill ho cumpared with that of the rhinoceros, the baaioccipilal will 
i seen to be narrower and more convex. The trOH maat^d intervenes, as a tuberous 
process, between the post^tympanic and parorcipital prooosses, clearly indicating tho 

! nature of the post^tyropanic in the rhinoceros ; the tapir shows an intermediate 
condition of the mastoid between the rhinoceros and horse. Tha latter differs from 
both the tapir and rhinoceros in the outward production of tbe sharp roof of the orbit 
and .the completion of the bony frame of that carity behind by the junction of the 
postorhitol pFOeesa with tho zygoma. The temporal fbsaa, so defined, is small in pro- 
portion to the length of the skull : the base of the postorbital proccBS is perforated by a 
auperorbitnl foramen ; the lucrymal canal begins hy a single foramen, Tho premaxil- 
laries extend to the nasals, and shut out tho moxillarios from the anterior o^perture of 
tte nostrils. The chief marks of affinity to other odd-tood hoofed beasta {FtrUiodactijlu) 

Bocn in the shape, size, and fonnation of the posterior'apertuie of the nostrils, the 

or part of which is bounded by the paiatine boneg, of which only a small portion 
enters into the formation of the bony palate, which teimioDtes biMntT opposite the 
interapoco between the penultimate and last molara. A narrow groove divides the ! 
polato-pterygoid process from tho socket of the laat molar, as in tho tapir and rhinoceros. I 
The pterygoid process has but little antero-posterinr extent : its base is perJoiated by 
the cctooaiotid canal. The entopterygoidsare thin plates appliedlike 'splints overtho 

L'V side of the squamous suture between the pteiygoid processes of the palatines and 
alisphenoidj. The postglenoid process in the horse is less doreloped l^p" in the tapir. 

1 eustachian process is long and atyliform. There la an anterior condyloid foramea, 
a wide " flsauro laoerii." Tho bread and eonvei bases of tho nasals articulate with 
the frontata a little behind tho anterior bousdary of the orbits. The apace between 
the incisors and molors is of greater extent than in the tapir ; a long diastema ia not, j 

'ever, peculiar to the horse ; and, although it allows the application of the bit, that 
application depends rather upon the general nature of tic horap,,and its oonsoqneni ! 
suBoaptibility to bo broken in, than upon a particular structure which it possesses in I 
ommon witii tho ruminants and some other horbivora. 

The tapir and tho rouk cony have ioor djgite on oaAi fcK-'5s»lv, mA-ftuHft, *i.'c^'> 
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at Ifsk hind-foot ; bat tbcj roacmblo more the horao Bed rhinocercia iJian anj Otlier 
TStftitttti. If the ostcological i:harBOl£rs of the hoofed pnimula with tho Iiind digits in 
nuBTOn namhcr be compared together, liey will be found to present, notwilhatanding 
the differEncea of form, proportion, and rjiie presented bj the rhinoaeroa, hyrai, tapir, 
and horse, the following points of Bgreemejit, which ore the more significativE of natural 
affinity whon contrasted with the shdotona of tho hoofed animals with digits in even 
nmnbiir. Thus, in tho odd-toed or " perissodflEtyle" imgulatea, the dorso-liimbar ver- 
tebrjj differ in diffi^iront apeciEfl, but are oevcr fewer than twenty-two ; the fi;mur has 

dulhuy nrtory does not penetrate 
the fore part of its shaft. The 
fore part of the satragalua is 
divided into two very unequal 
&cetB. The OS magauia ami the 
digitus mcdiua which it sup- 
ports is large, in eoaie dispro- 
portiouately, and the digit i& 
eymmctrieali the same applies 
to the octocuneiform and the 
digit it BuppoHa in tho hind- 
foot. If tho Bpetiea be homed, 
the hum is single ; or if there 
be two, thidy are placod on the 
median Ime of the heed, one be- 
hind the other, each being thu^ 
a aingle or odd horn. There is 
B well-developed post-tympanio 
pro«jsB, which ia separated by 
the true mastoid &om the par- 
occipital in the boree, but unites 
with the lower part of the par- 
occipital in the tapir, and aeems 
to take the place of the mastoid 
in tho rhinoceros and hjmx. 
Tho hinder half, or a larger 
proportion, of tho pahitincs en- 
ters into tho formation of the 
posterior naresj the oblique aper- 
ture of which commenees in 
advance of tho last molar, and, 
in moat, of the pcnulciniate one. 
The pterygoid process haa a 
liroad and thiek base, and is 
perforated Icngthn-ise by ihu 
octocBTotid. Tho crowns of 
the ant^enoltimate, m well as the penultimate and last premolars, are as complex as 
thosfi of the molars ; that of the last lower milk-molar is bilohed. To those osteological 
and dental characteia may be added some important modihcationa of internal sliuctuie. 
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as, C.J., the siinple form of the stomach, nnd tlio capadous and saoculsted cmaum, 
equally indicating the mutual affiuitios of the odd-toi^d or pcrissodactyle hoofed i^uoii-- 
nrpcda, and tHoir claims to bo regarded as a natural group of ihe Ungulata. Many 
eitinot gEnera, e.i/., lophiodon, tapirotheriuni, pEdraotiicriiun, hippoliieriuni, noetotlLerimn, ; 
maorauclipnia, elaamotherium, ooryphodon, kayo beun diBcoTcred, wMeh onto lirdtcd ] 
togcthor the now hrolien series of Periaaodai;tyk, represented bj tio existing gonBTS 
i^iinaeeroB, hyrax, tapyrus, and equus. 

Another aeries of hoofed qusdmpeda is ciiaracterized fay haTing llicir boofs and digits 
in even number in bot^ fore snd hind feet. The majuritj of theso baTo a pair, 
developed ss to servo as feet, and terminated bj a pair of hoofa so sbapcd aa to leok lilce 
one spUt hoof, whence the nune " cloven-footed" given to this predominant family of 
" artiodaetyle," or even-toed beasts i the synonym "ruminnnt," indicatiTe of tlifl same 
great family, is deduced Siom the uharocteristiceomplcxitf of their act of digestion. 

No food is more remote or distinct from flesh than grass. Extremitiea enveloped in 
hoD& are incapacitated from seizing and retaining a living prey, henec all hoofod mam- 
mals are necessarily berbivorous ; henee the complexity of their grinding teeth, tiio con- 
comitant strength of tbeir grinding muscles, and woaltncss of the biting muscles; the 
length of the neck, to enable the head to reach the verdant earth, and the length and 
slendemess of tbe jawa. Tbe absence of a clavicle, and of any power of rotating the 
bones of fore-leg and fore-foot, sro also constmit tharactcristiea of both groat divisiona 
of the Vhgitlala or hoofed quadrupeds. 

Tbe 01, && hog, and the hippopotamus are examples of even-loed hoofed qaa- 
dnipeda. In the os, besides the two large and normally detelopcd hoofs, two small 
supplementary hoofs dangle behind, in eaeb foot ; in the hog Qiese are brought doim 
to the level of the mid-pair, but are smaller ; in tbe hippopotamus tbe four digila aaf 
hoofs are suboqual on each foot. From this type of extremity to that of the giraffe, oi 
camel, where the digits ore absolutely restricted to two on each filot, there is a elosa 
scries of gradational short-comings affecting the oater and the inner toes, until tl 
wholly disappear. The giraffe (Fig. 31), is a ruminant dwelling in climes where horbago 
diaappeara from the patched soil soou after the rainy season baa terminated, and where 
sustenance for a borbivoro of its bulk eould hardly bo afforded, except by trees : it is 
thercfbrc modified to browse on the tender branches, and chiefly of the light and 
lofty aeaeias. Its trunk is aecordingly sliort, and laisod high upon long and 
slender limbs, especially at the fore part ; a small and delicate bead is supportod on 
an nnusually long nock. The number of vertebra; here, however, oeeords wiUi that : 
charactcristio of the mammalian class, viz., seven. They are pecoliar for the length of I 
their bodies. There are fourteen dorsal vertebrae with very long spinous processce, and I 
supporting long and slender ribs, especially the anterior ones, seven pairs of which join 
the stamum, which consists of six bones ; the lumbar vertebrm are five in nnmbcr, the i 
sacral four, and the caudal twenty ; this series is terminated in the liying animal by a 
tuit of long, wavy, stiff blade hair, forming an admimbla whiek to drive off insect | 
tormentors. The blade-bunc, 51, is remarkably long and slender; its spine or ridge 
forma a very low angle, and gradually Bnbsidcs as it approaches tbe neck of tbe scapula ; 
the coalesced eoracoid is a largo tuberosity. The humerus, 53, fbrms the shortest of 
the three segments of the limb ; it is remarkable for the strength of tbe proximal pro- 
cesses i the Bocond segment is ohiefiy constituted, as in eJl ruminants, by the radius, 65 ; 
the slender shaft of the ulna, 56, which supports a long olecranon, bceomea blended, 
with the radius, and lost at iU lower third, but its distal end roappeara as a distinct, 



1 



338 CHARACTERS OF THE SKELETON OF HERBIVOROUS QDADRUPEDS. 

part. Tho mctaoarpola of tlie retained di gila, aniwcring to tho third ssd fouttli in 
human and other five-flngered (pentadactyle) hands, am blended togatLur to fon 
single " cannon-bono " of the votoriiiarians ; hat (ho natuni of this is diffbrent from 
that in the hoiee \ it dividca at ita diatal end into tvo well-ibrmed trachJcffi, or pulley- 
joints, asd to thaa aru ortlculiitcd tho digits iii and ie, vhich each cucsiat of tbr^e 
joints or phalanges. Thus the main extent of this aingulorly elongated limb is gninod 
by the oxcessiTO developmeat of the hucd-Eogment, icetrieled, however, to thoeo elo- 
meutii that ananrer to the middle and lisg-fingers of tho Kunian hand. 

The pi^llis, of wMch the BBcnd, S, iliac, 62, and iaohial, 64, clomenla are ehoim in 
Cut 31, ia small in proportiou to the animal's hnlk. Tho femur, 65, in short like the 
humorus, ami ehiefl; remarkahle for the gireat expanse of its distal end. Tho tibia, (10, 
forma tho maio. basis of the log, as ita homotjpe tlie radius does iu the faro-arm, 
but the fibula is more reduced than in the ulna ; razfly m any ruminant is more of it 
risiblfi Hian its distal end, 67, wedged in between the tihia and the ealcaneum. The 
series of tarsal hones, 63, is pecnUar iu all ruminants for a coulvsconco of the two hones 
answering to the "scaphoid and cuboid" in the human tarsus. In aU. ruminants the 
jatragaluB is unusually symmetrical in shape, with a, deep troiMaar aiticular suizbue 
for the tihia, and two equal coaroi surfaces for succeeding tarsal bonos ; tho calcaneum 
ia prodnced into a long "hodc" Thereat of the bones of the hind-foot Doafonn closely 
with those of the fore-foot. 

A few remarks, aHhongh interesting chiefly to the professed anatomisl, appear called 
for in reCterence to the bony structure of the head of the giraffe. 

The cioccipitala form a marked protaberanoe above the foramen magnum, and below 
a deep fossa, for the implantation of the ligamentum □uiJi]E — the length of the dorsal 
spines being related, in all ruminants, to u duo auifaco for tho attachment of this strong 
elastic support of the head and nock. The parietala are chiefly aitnated on the upper 
surface of tho skull ; tho ossoona hom-oores, which aro originallr distinct, become 
anchylosed in old girafTos, across the coroool suture, equally to the parietala and 
frontsls : if ono of these be divided longitudinally, it will show the extension of the ' 
frontal and parietal sinuses into its 1ow«f fourth, the rest of the horn-core being a 
solid and dcnso bone. Tbe protuberance upon the &ontsl and contiguous parts of the I 
nasal bones is entirely due to an enlargement of those hones, and not to any distinct 
OBseoua part: its surface is roughoTud by vascular impressioue. The lacrymal is 
sepamted from the nasal by a large vacuity intervening between those bouea, tbe 
frontal and tho maxillary. The premoiUiaiios, which are of unusual length, articulate 
with tho nasals. The petrotympanic is a sepaiato bone, a; in all ruminauts. The 
symphysis of the lower jaw is unusually long and slender in tho girafie. ; 

In the skeleton of the Camel (Ciimelia bactrianua) tho vertebral formula is — seven 
cervical, twelve doisal, seven lumbar, four Eaoral, cighleon caudal. Beven pairs of riha 
articulate directly vrith tbe sternum, which consists of six bones, the last being greatly 
expanded and protuberant below, where it supports tho pectoral callosity in the living 
animal. The eervicol region, though less remarkable for its length than in llic 
gira^, is longer than in ordinary rununants, and is remarkable for its flexuoaity ; the 
vertobrie are peculiar for the absence of tho pcifotatiun for tho vmrtehral artery in thu 
transverse process, with the exception of the atlas ; that artery, in the succeeding ccr- 
vicsls, enters the hack put of the neural canal, and perfbrates obliquely the fore part 
of the base of the neurapophysis. The costal part of the transverse prooess is large and 
n the fourth to the sixth cervical vertebrte inclusive: in the seventh it is 
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a ehcrt pTutubereiice. The Epmous prqcasa of tha first dorsal suddenly i^ccciIh i^ 
length tiiat af the laat aarrical, uid merenaes in length to tbo tliird dorsal ; from this 
to the twelfth doieal liio BUmmitE of the Epines eie on almost the Bams homonlal line, 
rmd are expanded and obtuse above, sustaining the auHtasco of the two humps of this 
BpeeicB 1 they afford, howovor, no other indication of thoae risings, which arE as inde- 
pendent of the OEscons ajslflni as is the dorsal fln in the ftrarapua or porpoiao. The spiues 
of tho lumbar Tertehne progroasivBly deereaso in length. The ipine of the scapula ir. 
produced into a Ehort-pointcd acromian : die coracoid tubercle ia large, Biul groored 
below. The lidge upon the outer condyle of tho humerus is much less marked than in 
the narmal ruminants. The ^il"ii bas coalesced more completely with the radius, anil 
appears to be represented only hy its projdmol and distal eiQ^mlties. Tho carpaL 
boncfl ha.vb the same number and airangtmeiit as in ordinary ruminanta, but the pisi- 
forme ia proportirinally larger. There is no traoc of the digits answering to the erat 
second, and fifth in the pentadactyle foot : tte metacarpala of those amwering to t£e 
third and fourth havo cooleaced (o near their distal eitrcmilieB, which diverge more 
than ia the ordinary ruminants, giving a greeter spread to the foot, which is supported 
by tho ordinary three phalangca of each of those digits. The last phalanx dtviatea 
most from tho form of that in the ordinary ruminants by its Emaller proportional ta;ee, 
rougher surface, and less regular form : it supports, in tact, a modified blaw rathnf then 
a hoof. In tho femur tho chief deviation fivn tho ordinary ruminant type is seen in. 
tho position uf the orifice of the ranal for the medullary artery, which, as in thehnmaji 
Bkeleton, entors tho bock part of the middle of tho shaft, and inclines obliquely upwards. 
The fibula is represented by tho irregularly-shaped ossido interlocked between Iho outer 
rido of fte distal end of the tibia and the calcaneum. The scaphoid ia not coD^uent 
with the cuboid as in the normal mimnant : the rest of tho hind-foot deviates in the 
aoms manner and degree from tho onlinary mminsnt type, as does tho fore-£nt. 

The came] tribe have no horns : Bomc small deer of the muaX-family are compen- 
sated for the want of horns by very long and sharp upper canine teeth ; the rest of the 
rumiuunts, either in the male sex or in both sexes, ore endowed with ^e weapons of 
offence and defcnoc, developed frum and supporied by the hoad, called "horns" and "an- 
tlers." Tho term " horn" is lechmcallr restricted to tho weapon which ia composed of 
a bony base, covered by a sheath of true homy matter. Such horns are never shed) 
and as, in order lu diminish the weight of the head, the horn-oora ia made as hollow 
as is consistent with atrength, tho nuninaats with such horns are called hoUow- 
homed : the oi, the shcop, and the antelope are examples. Antlera consist of hone 
only. During the period of their growth they ore covered hy a vascular, short-haired 
sldn IUls velvet ; but when their growth ia completed, this akin dries and peels o^ 
leaving the antler a solid, naked, and inscnmhle weapon. Being deprived, however, 
of its vascular support it dies, and, aflcr a certain period ofservice,iB undermined by tho 
absorbents and cast ofi'. The proccaa of growth and decadence of the antlera ia rqieated 
each year ; and in tho foilow-dcor tbe antlera progreaaively acquire greater siEO and mora 
branches to the aixth year, when the nriirpi^^ ia in its prime. Good evidence has bean 
obtained that tho samo law of growth, ahedding, and annual renewal pmvoiledin tie gigan- 
tic fossil deer of Ireland, in which upwards of eighty pounds of osseous matter must have 
been developed &om tho frontal bones every year in the full-grown animal, Tho rumi- 
nants of the deer and elk tribes are those which have antlers, or are " solid-homed." 
Tho horns of the giraffe arc peculiar; they arc short and simple, are always coTered , 
I by a hairy integument, and are never shed. They relate ia position to both the frontal I 
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and pmi>tal bones. In nil other mmiaimtg, the horu3 bj-c developed from the frcntala 
exDloaively, iilthougli tliey Bomclimes, bs in tie oi, projcut from the bud; part of the ' 

uum 1 but tbe &'ODtBls, in such cases, e:^nd Co that part. Tbo hont of tlic rbino- 

>B coiudstB wbollj of fibrouB homj matter. 




Tho eTon-tocd hoofed oiuidbIs that da not ruminato bsvo no home. The osteology 
of this division is here iUiiatriited in the Mppopotamua (Fig. 31). The Bkelotoii, in iU 
etrength and mosaiTeaeBS, preaents a greater rontrost with that of the giraffii fhrni the 
rhinocecaB'a ekcleton doea with that of ibo horse ; there are, neverthelcsa, u will bo 
fihown in the concluding summaiy, moia essential points of rcaemblanoc to the giraSb'a 
abdeton tl"i" to that of the rhinoceros. In points of minor importance, we find the 
lilppopotoJona resembling the xhinocdos ; as i:. ^. in the shortness and strength of its 
■ iicult ; but it has only fifteen dorsal, d, and four lumbar, /, yertabriB. The spines of 
Iheao THrtobnn are shorter and less nneiiual than in the nuninnnta ; and they have an 
plmost uniform direction, as in all qnadnipeds that do not move by leaps or bounds. 
Thu toil ia Ehort, and, in the living animal, compressed, acting like a rudder. The bones 
of the limbs arc short and thick. In tlie scapula, 5\, the acromion is sligbtiy produced, 
snd tho comi^uid rscurved. The great tuboroaity of the humerus, 53, is divided intc 
two subccjual proceasos. The ulna and radius have coalesced at their extremitiee, and 
at the middle of their ahaft^ the interosseous ap3£0 being indicated by a deep groove and 
two hales. In the carpsl scriea of bones, tho trapezium ia present, but doea not eup- 
port any digit ; tho innormoat, auawcring to Iho thumb or pol]ei, therefore, is the one 
wUi^h ia absent; of the remaining font digits, ^ two middle ones, answering to the 
third and fourth, are moat developed. The femnr has no third trochanter. The fibula 
't from (be radius, and extends &om ita proximal end to the calcaneum. The 
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cntocimtiform bone is present in the toraus, but there is no rudiment of the ii 
ya m hollnx ; the propartiorta uf tho other four tooa resemble those on the fore-foot. 
The skull ia remarkablo for tho prominence and high position of the orbits, which 
allow tho eye to bo projected above the Burfaci.' of the water, and a survey to Iw mode I 
bythe suspicioua pniiniil without thn eipoBuro of nny other part of the head. The 
ler jaw ia peculiar for the development of the aockela of tho great ennine teetii, and 
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tha lovor jair oombmoa with the liko cluiactGT an mmsnal prodnctioii knd o 

of I^c ILDgle. 

With r^sxd to tho osteology of the hog tribe, our Umita compel ub to leatrict our- 
selvca to the notice of the still more ain^ai' doTuIopmeiit of tho sockets of the nppor 
iaoa or tiuka in the babycoussa, in which those teeth corvo upwurde and pierce the 
■kin of the iace, liko homa, whence the luuue ''huruod hog" BometimcB imposed 

If tho hoofed piiiTiti lii with the digits in dve.ii number be compared together, in regard 
) their OBteologioal charaeters, they will be found, notwithatanding tho ditforeaee of 
inn, proportion, and lizo presented by the bippopotamua, wild boar, vicugna, and ehev- \ 
rotain, to agroo in the following poinfa, wbiob are the more gignificativB of natural I 
ilffijiity when contrasted with the ekelotona of the hoofed pTiinmla with digits in uneven 
nombeV' Thua, in tho even-toed or " artiodactyle" ungolatEs, the dorao-Iumbar vrate- 
brte are the aama in number, as a general mle, in all the species, being nineteen. Tho 
rare exceptioiu appear to be due to tho development, rarely to tbe auppressioa, of an 
aocoBaory vertebra as an individual variety, 1he number in sueh cases not exceeding 
twenty or falling below eighteen, and the supomnmorary vertebra being most uaoally 
manifi'sted in the domeatieated and highly-t^d breeds of the oommon hog. The recog- 
nition of this important char^ter appears to have been impeded by the Tariable num- 
ber of moveable ribs in different species of tho artiodacfyleB, tho dDraal vertebrae, which 
thoae riba characterize, being fifteen in the hippopotamus and twelve in the camel ; and 
~ B value of this distinctioa bas been exaggerated owing to the commoa conceptioa of 
the ribs OS special bones, distinct &om the vertebrae, and their non-recognition as puts 
1 vertebra equivalent to the neurapopliyscs and other autogenous elements. The 
discovery of tlie pleurapophyaoa nnder the condition of radimentol liha attached to (he 
ends of the lumbar diapophygea, whiflb aiterwnrds bccomo euturally attached or onchy- 
losed, utd the pleur^ophyainl nature of a part of the so-called perforated transverse 
process of the cervical vertebra, show that tJte anthropotomical deduitiun of a dorsal 
vertebra, as one that Bnpports ribs, is inappli cable to the mammalia generally, and is 
saacatially incorrect. It is convenient, in comparative tables of vertebral fermuhej to 
denote tho number of those vertebne of the trunk in wMch the pleurapophyaoa remain 
tree and movi^le, constituting the " ribs" of onthropotomy ; but the differences some- 
timefi occurring in this respect, in individoala of the same specLes, have their unim- 
portance manifrBted when the true nature of « rib is recogTiised. The vertebral formuho 
of the artiodactyle abeletoos show tbat the lii&eicnee in the number of Qie so-called 
dorsal and lumbar verlehnn does not affect the number of the entire dorso-lumbar series : 
thus the Indian wild boor haa if, 13, I, 6,= 19 ; i.e,, 13 dorsal, and 6 Inmbar, m airing a 
total of 1!) trunk -vertebne ; tho domestic hog and the peeeari have d, H, I, 6, ^ 19 j 
the hippopntauiuB has rf, 16, /, 4, ^ 19 ; the gnu and aurochs have rf, 14, /, S, ^ 19 ; 

ox and most of the true ruminants have i' 13, ^ 6, ^ 19 -, the camel and lomas have . 
d 13, / 7, ^ 19. These facta illustiBte the natural character and true affinities of the 

artiodactyle group. They arc further shown by the absence of the third trochanter in { 

the fcmur, and by the place of perforation of the medullary artery at the fore and upper •- — 
part of tho shaft, as in the hippopotamus, tho hog, and most of the ruminants. Tht> 
fbre part of tho astragalus is divided into two equal or snbegual facets ; the oa magnum 
does not exceed, or is leas than, the uncifaimn in toae, in tbe carpus ; and the cctocnnei- 
fbrme is leaa, or not larger, than the cuboid, in the torans. The digit anawering to the 
third in the pontadacty le foot is muymmetrical, and forma, with that answering to thr 
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* tjmmgtaailymi. H^o^tftxaaht haaieL^ithaam 
yujx ; tti«7 ttf; aercs- dtrrekped mi^ and fjinmetsdcallT fram ^^e mnffhrn 
y0/i^4jmfm€ 4o» ws^ tnj/«t dt/vmrsd ^Hiainrrhr fam -flie mekBdySor 

|«i2aie eitaDrdf furtber Imk tbia in fiie pesiModacrrks : 'die hnder jgaiUm? cf tke 
atwJ fattaa^i* it inw?e TCKtaeil, and CTBimfwiPi porterior tt> tiie iMt mcMc- fcMtJL Hie 
hft»h ofihe pUrr^d prcioeK is &c^ pesfantad Inr liie eeSoesrotid artoj. T^ enmB 
«£tiM; pmooSan are iwiTlrr and kai wufkx. 'titaa. tiioBe <tf tiie trae nobis. sEsallT 
r^ifxrttMStifi^lialf <€ flDdbcrcnrm. Tbe last milk-iiKiSar is tzilobed. 

To fikuae oitoologiical and dental flm a rtpis mar be ndded saBue inipciiint n»£fie»- 
iicMM of inbemal JtaKtore, as e. f . tiie omqalex Iccai of die stomack in die liijiiupa 
taamMf pcioeari, and nmunants, die eon^aratxrcfy small zad smfit caBcanuand ife 
aptnZlx iSol&eid eokin, vliidli equalty hidi«itr die mntnal aiBrritifa cf die ercs^toed or 
artMd&cstTie boofed qoadnipeds, anddieir daims to be vegarded as a nasanl gnn^of 
d»e UD||;ulata. Mai^ extznct genera, e.f. cbcropotannuy jj i lhi a m i ll ie d nm, bropo- 
taanu^ diebodcn, nerjoopotaanii^ z^iodon, dicbobane, anopLodiezinau bare been dis- 
corered, wbieb oow linked togedier die nov bioken series of Axtiodacnia, xepvcseniBd 
bj die exisdng genera bippopoCamiu, mub, dicotj^es, ramrfnw, mnBrhnff, eamekipaidalisy 
<^emis, andkope, OTis^ and bos. 
j As we bare now taeed bodi die £ofe and bind foot to tbe fire-toed or pentadactyle 
stm/rture, witb the definite number of jomts or i^talanges in each toe;, cbaiacteriadc of j 
tbc' blithest cbus of rertebcate ainmalK, a Hew remaiks wiU be offered in jflnntntdon of 
die plan of stnictaze idiidi pterails in sncb eztremidesy and of tbe lav tbat garans 
tbe departoze from the pentadactjle type in die mammalia. 

Tbr; eMendal natnxe of die Umbs is best illnstzated by die fidi called pmloyten u^ 
and by some of the lower septiles tbat retain gills widi longs. 

If the segment of die skeleton supporting tbe mdimffnts of tbe fine-limbs in tbe 

prott^tems (Fig. 32), be oonqiared widi 
the mndificalifm of tbe typical Tertefaza, ex- 
emplified in Fig. 6, p. 169, it will be seen to 
be constructed on die same type. Tbebaemal 
arch is most expanded, and it is composed 
of a pleurapopbysis or yertebral lib, pi^ and 
a bffimapopbysis or sternal lib, A, on eadi 
side ; the haemal spine, or sternum, is not 
here developed ; the long, many-jointed ray, 
0, answers to die more simple diyeiging 
appendage, a, in Fig. 6, 

The segment supporting these append- 
paoTOPTsarf. ^gg^ Qj. £j^ rudiments of the fore-limb in 

die fish, is the occipital one, or the last vertebra of the skulL The pleurapopbysis of 
this segment is the seat of all those modifications which have earned for it the special 
name of ** scapula," 51 ; the b^mapophysis is the seat of those that have led to its being 
Qfllled *^ coracoid," 52. 

The corresponding segment of the batrachian'amphiuma (Fig. 33) yields the next 
important modification of these parts. The scapulae, pl^ 51, are detached firom the 
oodputyor neural arch; the coracoids, A, 52, are much expanded; three segments of 
the diverging appendage, Oy are ossified, and two of these segments are bifid, showing the 
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18 ladiating multiplication of its parts. Tho first segment ia tie seat 
of thoafl modificatioiis TrMch have obtained for it the 
specinl name cf " hiunenia," S3 ; Ite two di-riaioos of 
thD next segment of the appendage are called "nln»," 
53, and "rediiiB," 64; the remainder of the limb is 
called "manuE," or hand; 56 ia the ^riatlj carpoi, 
and tlte two hony diviaiona arc (ho digits or fingers, 67. 
FIb. as. AHpHifji«, The augment aupportii^ tlio Mnd-Iimba relaine most 

ta typical character in the Biibteiranean reptile called tho Protens ; odd sees, e. jr., in 
Fig. 34, that the centnun hna coaloaccd with p|f._ 54, 

xapophyaes, fi, and neural spine, «>, c 

forming the neural nmh irom which the dia- 
pophyses, d, are doTclopcd ; the mora ta- 
paoded hiemal arch eonsiata of tho plcur. 
apophyses, pi, and the hntmapophyses, k 1 tho 
former ia (lalled the "ilium," 62, (iio latter ^ 
the " ischinm," 63 ; and, as the homapophy- *>" 

■s of another sediment are nsuall; added to 
the scapular arch, when (hey receiTB (he namo of "claTiclcs," so also tho hicmapiv 
physcs nf a contiguous sogment are usually added to the pelvic sroh, when they aro 
called "pubic bones." 

The pelvic diverging appendage, a n, has advanced to the same stage of comples: 
I tho protetis, as the scapular one in the amphinina ; tho first ossifiGd segment is oallsd 
" femur," 65 ; the divisiona of tho neit segment are reispoclively termed " tibia," 66, 
nod " fibnia," 67 ; tho Hrst eet of short bones in the "pes," or foot, aro colled " tar- 
1I9," 68 ; those of the two toos are called " metataiBals" and "phalanges," 69. 
The tarsal bonett, &om (he degroe of oonatanoy of ^leir forms and relative positi 
FI|r- 31- Kg. K. l^ave received distinct names. In Fig. 36 of the hones of dio 

hind foot in the horso, a marks the " astragalus," d, the 
" calcancum," or heel-bone, the prominent part of which 
formH the "hook;" j is tho " scaphoidca," or mivicidarc, h, 
tho " cuboid," a, " ectocuaciform," 
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cnneifbnn." Kmr, tlie eetMHinoiform in all mammalia aupporta the third or middle 
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of tho five toes whan they are all present, tke mesocuneiibrm aiipports the eeooid to^ 
and tkfl euboideo tlic fourth and fifth. Wo see, therefore, in tto horse, that tho very 
laigo bone Brtdcolatod to tho eotocuneLfonn, a, ia tho metatarsal of tho third toe, to 
whiidi are artioulated tho three phalanges ot the Bttme toe, Hi, tho iMt phalanx being 
Bipanded to Buatain the hoof, Tho small bone called "splint-bone," b7 Teteriaaiiana, 
artdonlatedto the " ineaoCunDifotm," U the stuoted metatarsLil of fho aeermd loe, iV,- 
flio ontcr " Bplint-bone," articulatod to the "cuboidOB," is tho similarly ehmted meta- 
tarsal of tho fourth toe, iV. 

In the fiMt of the ox (Fig. 36), the cnboidea, b, presents a marked incrcose of aize, 
equalling the eotacuneiform, ee, which k proportioBBlly dimioished. The single hone, 
called " cannon-bone," which articulatca with both these carpal bones, does not answor 
tothesinglo " cannon-bone" in the horse, but to the metataraalB of bath lie lAirii and tho 
fourth digits ; it 1b accordingly found to consjat of those two distiuct bones in the fietal 
ruminant, and there aie a few Epeoios in which that distinction is retained. Marks of 
lie primitiTo division nre always perceptible, especially at its lower end, where there 
arc two distinct joints or eoodyles, for tho phalanges of the third, iii, and fourth, iv, 
tats. In the horse the rudiments of tho two stunted toes were thoir upper enda or 
metatarsal bones; in the oi they consi at of thoir lower ends or phalajigGs; there ibrm 
tho " apurious hoofii," and are parts of the second, ii, and fifth, o, toea (Fig. 36). The 
rhinoceros more closely rcsenibleB the hoiso in tho bony structure of its hind foot (Fig. 37) ; 
tho cctocunoifbrm ia still the largoat of the three lowest tarsal bones, although tho 
mesocuneifonn, em, and the cuboids, *, haTo gained increased dimensions in accordance 
■with the completely developed toes which they aupport ; these toes we therefore recog- 
nise as being answerable to the rudiments of the second, i'^ and fourth, iV, in the horse, 
tiia principal toe being still tho third, Hi, The hippopotamus (Fig. 38) chiefty differs 
from the ox, as the rhinoceros diSers &om the horse, viz., by manifisting the two toes 
liiUy developed, which were rudimental in the more simple foot ; the caboides, i, being 
proportionally extended to support the tfth toe, v, as weU aa the fourth, iv ,- the second 
toe, it, aitiouIatoB, as uanal, with a distim^t tarsal bone. In tho elephant (Fig. 39), 
where a fifth digit is added, answering to oux first or gieat toe, I, there is also a distinct 
carpal bone, called the " entoeuneifonK," ci, and the tarsus presents, aa tn other 
pentadactyle mammals, all tha bones which are seen in tho human tarsus, via., the 
astragalus, a, the caloaneum, e, the ecaphoides, i, tho entocuneiform, ci, the meaO' 
cuneiform, cia, the ectocuneiform, cc, and the cuboidea, L 

The coume of tho simpllfloation of the pentadactyJe foot or hand ia first a dimi- 
nution and removal of the innermost digit, i; next of the outormoat, v; then of tho 
second, I'i; and lastly of tha fourth, lu; the third or middle too, iii, being tho most 
constant and important of the five ioos. The same law or progress of simplificatiDn 
prevails in tha fore-foot or hand. The thumb ia the first to disappear, then the little 
finger, and the middle finger ia the most constant, and forms the single-hoofed fore-foot 
of the horaa. 

Tho acapnia, 51, in the fore-limb repeats ( 
limh; the corscoid, 52, to the isehiuiu, 63; 
humorus, 53, to the femnr, 65 ; the radius, 5 
fibula, 67 ; the carpus, 66, repeats the tarsus, 

the fore-foot repeatthemetatarsuH and phalanges of the hind foot ; they arc toehnienlly 
called "serial homologues," or "homotypes," and each bono in the carpus can he shown 
to have its horaotypo in the taiaus.— See " Archetype of the Verieln^to ^eloton," p. 167. 
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nswera to the ilium, 62, in the hlncl 
e elavido, 68, to tho pnbia, 61; tht, 
the tibia, 66 ; the ulna, 64, to tho 
; and tho ntetacarpua and phalanges of 
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Skeleton ak the Sloth. — Tho tnmaitian from the quadrupeils wllli hoa& to 
Oioac wil^ claws seems in the present series to Le uorupt ; but it -waa made grBdual 
I17 a group of umnuls, now extinct, whicti combined hoofa and eUva in tlio suuc 1 
Some of the oulor toes, at leiat, went Btiuit«il and buiied in a tMck calkisity, fbr 
ordinary purpose of walking, wbilat tto othar toee wore provided with very long and 
strong daws for upraotdng or tearing off tho trancbca of trees. These jin grilar beaata 
vere of great buUc, and appear to have been peculiar to Actorica. As natured by anato- 
mical science, they have leoeiTcd the nomca of Mtgatheriuin, Mcgalonyx, Mghdon, Sai. 
They were huge terrestrial sloths ; the present remnants of the jktmly nonsist of very 
few species enabled by thoir reatricted bulk to climb the treoa in qnoat (rf their leafy food, 
and peculiarly organised for arboreal life. The looa, which were modified in their hu 
prodeceasqra, to tread the ground, aru reduced lo rudiments, or aro undeveloped ; a 
those only are retained which support the cQawa, now rendered by their length and 
curvature admirable instrumenla for dinging to the branches. The whole structure of 
the hind and tore limbs ia modified to give full cfiect to these instruments as movers 
and suipcndeia of the body in the bosky retreats for which the sloths are destined ; 
and, in tiie some degree, the power of the limbs to support and carry the animal along 
the bare greund is abrogated. Accordingly, when a sloth ia placed on level ground, it 
presents the aspect of the most helpleaa and crippled of creatures. It is less ablo to 
raise its trunk above its limbs than the seal, and tan only progreaa by availing itadf 
uci^uality in the soil offering a holdfast to ita claws, and enabling it to d 
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iTOiild be 03 reaaonable aa B apeculation on. tlio natural powers of a tailor gnddenly 
transferred from his sbop-TjOard to the rigging of n ship under weigh, or of a fhorough- 
senman mounted for the first time on a full-blood horao at Aacot. Rouse the 
prostrate sloth, and let it hook on to the lotret bough of a tree, and the oomparatiTO 
agility witb which it monnts to the topmost branches will surprise the speetator. In 
'ts native South American Toods its agility is still more remarkable, when the trees are 
agitated by a Btorm. At that timo the instinct of the sloth leachea it that lie migration 
[rom tree to tree will be most facilitated. Swinging to and fro, back downwards, as is 
its habitual position, at the end of a bram^h just strong cnougli to support the animal, 
it takes advanlago of the first branch of the adjoining tree that may bo swayed by the 
blaat within its reach, and Btretehing out its fore-limb, it hooka ilaelf on, and at once 
transfora itself to what is equivaieut to a fresh pasture. The Storj of the sloth volun- 
tarUy dropping to the ground, and crawling under pressure of Btairation to anothor 
lee, is one of the fabulous excreseences of a credulous and gossipping Koology. 

In the sloth, aecoidjngly (Fig. 40), the fore-limha are mnch elongated, and tliat leas 
It the expense of tho hand than of the arm and forO'iirm. The humerus, 53, is of 
unwonted length— is slender and straight ; the radius, Sfi, and nlna, 54, ara of similar 
proportions — the former straight, the latter so bent as to leave a wide interosseous 
space. Now, moreover, these bones, instead of being firmly nnited as one bona, aia ao 
articulated with each other aa to permit a recipreoal rotatory movement, chiefly per- 
ibrmed, however, by the radius ; aud sinee to this bone the carpal segment of the hand 
is mainly articulated, that prehensile member can be turned prone or supine, as in tho 
human arm and hand. Six bones ore preserved in tho carpus of three-toed sloth 
{Bradypus (ri'rfiKljifiw), anawering to those called "lunare," "coneiforme," "unciforme," 
and "pisifonne," also to tho "scapboides an-d trapezium" united, and to the "trapezoides 
and magnum" united. Tho scapho-trapesiium is oharaoteristic of the alotb-triba, oud is 
id in tho cj±inct as well as eadstiiig speeifls. Tho articulation of the carpus with 
the radius, and with the metacarpus, is aucli as to turn the palm of the long hand inwards, 
and bring its outer edge to tho ground. The thtoo l\iIly-d«velopod luetacarpala are con- 
nt at their base, which is also anchylosed to the rudiments at flie first and filth meta- 
carpals \ the proximal phalanges of the digits answering to ii, iii, and I'lf, arc eonfiucnt 
withtheirmctacarpals, and thoaa digits appear therelbre to have only two joints. The lost 
phalanx is remarkably modified for the attachment of the very long and strong claw. 

With regard to tho blado-bone of the sloth, 6 1 , it is much broader in proportion lo 
its length than in tho swifl clovcn-fbatcd herbivores ; the spinous process is unusually 
short; the acromion is of modsrato length, and untxpanded at ila extremity; tbe 
supraspinal fossa is the broadost, and has a perforation instead of tho usual " supra- 
spinal" notch. There is a short claTieuinr bone attached to tho acromion, but not 
attaining to the sternum. 

The iliac bones, 62, repeat the modifications of their homotypcs tho scapuhc, and are of 
unusual breadth as compared with those of othor <|uadrupeds ; they soon become anchylosed 
a the hnod sacmm, %; tho ischia, G3, and pubes, G4, ace long and slender, and circum- 
Boiibe nnuaually Urge " thyroid" and" ischial" foramina, the latter being completed by 
e coalescence of the tnberosities of the ischia with the transvcrao proctsses of tho lost 
TO sacral vertebra. The head of the femur, 65, has no impression of a ligamentom 
res. The patella, 66', is oaaificd ; then> is a fabella behind tbe eitemal condyle. The 
bia, 66, andfibnla,07, arc bent in oppoaito directions, intercepting a very wide inlerosse- 
la space. The anchylosis of their two I'ltroraities, which has been found in older speti- 



mens, hu not taken place here. The inner maUeoliis projects bftokwaida and aiipporta 
a giooTcd proceaa. The outer mnlleolua projecia downwards, and fits Mkn a pivot into 
a socket in the astrapJua, turning the Eole of tie foot inwards — a poaitioii lite that of '• 
the hand — heat adapted for grasping bougha. The ealcaneum, 68, isremarliablyloiigBnil | 
caniprcssed. Tho seaphaid, cuhoid, and cuneiform bones hare become confluent with 
each other and t^a metatarsals, of which tbo first and flfth exist only in rudiment. 
The otbcr threo have likewiao coaloaced with the proximal phalanges of the toes wiuoh 
they support ; those toes answer to the aocond, third, aiLd fourth, in the human %nt. 

The short and antall !iead of tha sloth is eupporCed on a long and flexible neck 
presenting (ho ver; unnsunl character in the Mammalien class of sine vertebrs, C — tha 
superadded two, however, appearing to have hccn impressed from t^e doraal series B by 
Ibeir short, pointed, and usually moveable ribs. The head and mouth can be turned 
round every part of a branch in queat of the leafy iood by tiiia mechanism of the neek. 
As the trunli ia commonly nupended &am the liniba with tho back downwards, the 
muscles destined for the movementa of the back and support of the head are feebly 
developed, and the vertebral processes for their attaohment are proportionally ahort. 
The spines of the neck-vertebnn are of more equal length thoa in most mammals — 
that of tho dontata being littlo larger than tho test : tho spines gradually subside in tho 

terioT dorsals, and become obsolete in the lumbar vertobne. The first pair of fully- 
developed ribs, marking tho beginning of tie true "donBol" seriea of vertcbtiH, are 
anchylosed to the breast-bone, which consists of eight ossicles. In the two-tood ikith, 
however, which has twenty-liirco dorsal vertebrte, there are as many as seventeen 
Bubeubioal sternal bonea in one long row, with their angles truncated for the terminal 
rti^nlations of tho sternal ribs, which are ossiiied. 

Tho skull of tho sloth is chiefly nimarkablc for the size, shape, and connections of 
10 malsj bone, which ia £-ecly au.ipcnded by its anterior attachment (o the maxillary 
and frontal, and bifureatca behind ; one division citoniling downwarda, outside the 
lower jaw, the other ascending above tie free ^erminatitHi of the gygoraatio process of 
the squamosal. The premaiUlnry bone is single and cdontnloua, being represented only 
by its palatal portion completing tho maxillary arch, bnt not sending any procosaca 
upwards to tho nasals. 

The skull in the tootblesa ant-eater chiefly forma a long, slender, sHghlly-bent bony 
abeatli for its still longer and more slender tongue, the main instrument for obtaining 

insect ibod. The mouth In the living animal is a small oriSoe at t^e end of t^e 
tubular muzzle, jnst big enough to let the vemufurm tongue glide easily in and out. 
The fore-limbs are remartnble for the great eise and strength of the claw developed 
from the middle digit : this is the instrumciit by which tho ant-eater mainly eSbcts 
tlie breach in the walls of the termite fortresses, which it babituaily beaiogea in order tu 
prey upon their inhabitants and nonstructors. As in tho sloths, both fore and hind feet 
have an inclinatiun inwards, whereby the sharp ends of Uie long olaws uro prevented from 

ig worn by that constant application to tho ground which must have resulted from 
tlie ordinary position of tho foot. Tho tnink-voxtebrm of the ant-eattr ore uhieiy reroajk- 
" 1b for tho number of accusaory joints by wliich Umy are articulated logetior. This 
COtaphi etcuuturo is also met with in the armadillos, in which the anterioc zygapo- 
physes of the dorsal vertebm send proceasos — the metapophyses (Fig. 2, p. 169), 
I, in — upwards, outwards, and forwards, wbich processes, progreasivdy increasing 
IX the hinder vertebrte, attain, in tho lumbar region, a length equal to that of 
tho spinouB processes, ru, and have the same relation to them, in the au^QortaCtl:^ 
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SKELETON OF THE A NT- BAT ER. 

i» vaiitpace, aathe "tie-bearerB" hnve to the "king-post" in the aroliiteDtuTa of 

BXeletou of Uw Hole. — The male is hardly less fitted for (lie actionB of 
an urdiuory lami-ijuiiilrupbd tlian tlie doth ; but tlio uhq ia as admirably WD- 
strucCed iot subUiroDcous as tlie otlu^r for arboreal life. Xbo fare-lim1)3 are aa 
romarkabiy short, broad, and masaivu in fha mole, aa tiey ore long and alonder 
in the elotb ; yet iJie aaino uEseeua olemi^iLla, aimilorty disposed, occur in U19 
akelebm of cacb. The head of tb^ jnolc is loug and eooo-sbaped ; it£ broad 
base joins on tbe tnudi "witbout any outward appearance of a nt^k. Tbo fore-part 
of tlie trunk, to whicli tbe principal muscular mossea working tbo fore-limbs aie 
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attached, ia the thiokest, mid thenco the body tapers to tbo hiad-quartcrp, which nre 
supported by limha as slender as they ore short. 

The neck-boDca, noTerthelees, are not wanting ; they even exist in the same number 
09 in the giraffe; the Tertcbrol fbrmuli of the mole being — 7 cervical, 13 dorsal, 
G lumbar, S sacral, and 10 caudaL The spine of the aecond vertebra 01 dontota is large,' 
and extended back aver the third vertebra : the neural arches of this and the succeeding 
neck-Tcrtcbne form tliin aimplo arches without spines : the entire vertebne have been 
described as more rings of bono ; but the transverse processes of the fourth, fifth, and 
aiiih ccrrjcals arc produced forwards and backwards, and overlap each other : in the 
seventh vertebra those processes are reduced to tubercular diapophyses which are not 
peifbratcd: ths.bodiea of thcTertabrs arcdepreaacd andquadrate. The part answering 
to the nuchal ligament in the giraffe Is bony in the mole, h. 

The first sternal bone, or manubrium, is of unusual longth, being much producen 
fiirwardB, and its under Eurfaco downwards in the shape of a deep keel for extending 
the origin of the pectoral muscles. Seven pairs of rlba directly join the sternum, which 
oonaista of four bones, in odditiotk to tho manubrium and au ossified onsiform appen- 
dage. The neural spines, which arc almost obsolete in the first eight dorsals, rapidly 
gain length in the rest, and are antrororlpd in the last two dorsal veiiebrte. The 
diapophyses, being dcFcloped in the poatarior dorsals, determine the nature of the longer 
homologous processes in the lumbar vertobnc. 

The lumbar spines aro low, but ol considerable antero-postcrior eitcnt: the 
diapopbysea me bent forward in the last four vertcbno : a small, dolaohed, wedge- 
shaped bypapophysls is filed into the lower interspaca of Iho bodies of the lumbal 
iTirlebriB. 
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The Mapula, SI, is vory long and narrow, but Ihick, and almort threo-sidcd : diB 
eonunon lib-Ehapo is resumed in this oranial pleurapophysia, as wo liare seen in tho Ijird 
and tortoise. The clavicle, on the othoT kand, instead nf tlic usual long and Blender 
£guro, prcaeaU tbe fonu of ■ cube, being wsrj short and liroad, articulated firmly to 
the anteriorly projecting bresst-boiie, and more loosely with the acromion and head of 
the hmnflms. 

This bone, 53, would be closaifled amongst the "flat" bones. It is almost as broad 
Dia it is long, especially at ita proximal eud, which presents two articular surfaces— one 
for the scapula, Sie other for the clavicle: thociponso of the bone beTond these surfaces 
rclateato the formation of an adequate eiteiit of attachmantforthcdclluid, pectoral, and 
other great burrowing maacles. All the other bones of the fore-limb are as extremdjr 
modified fur fbssorisl actions. The olceranon expands transrcrsely at its eitrcitut;, and 
the bock part of the ulaa is produced into a strong ridge of bone. 

The shaft of the radius is diyidcd by a wide interosseous spaoc trom the ulna, and 
the head of tho radius is produced into a hook'Shaped process like a second " olcDranon." 
The carpal scries consista of live bones in each row-^the scaphoid being divided in 
the first, and a sesamoid being added ta the second row ; moreover, there is a large 
■upplomentary sickle-ahaped bone, exlending frem the radius to tho molacarpol of the 
pollcT, giving increased breadth and a convex margin to tho radial side of the very 
powerful hand, and ehiefiy comptcting its adaptation to the net nl rapidly displacing 
the soil. The phalanges of the fingers are abort and very Etrang : the last are bifld at 
their ends ibr a flimer attachment of the strong claiA. Little more of the hand than 
these claws, and the digging or »eraping edge, prpjects beyond the aheuth of skin 
unveloping the other joints, and couneeting the hand with tbe tninV. 

The common position of the onu-bone is with its distal end most raised. The ibre- 
orm, with the elbow raised, is in the state between pronation and supination, the radial 
aide of the hand being downwards, and tho palm directed outwards. The whole limb, 
in its position and strnctore, is unequalled iu the vertebrate aeries as s fossorial instru- 
ment, and only paralleled by the corresponding limb in the molo-ericktjt (Gryllota^) 
amongst the insect-tribea. 

No impediment is offered by the hinder parts of the body or limbs when the thioiest 
part of the animated wedge has worked its way through the soil. The peleis 
is remirkablj narrow. The ossa innominata have uoalesced with the aaurum 
but not with each other, the pubic arch remaining open. The bodies of (he 
sacral vertohno are blended together, and are oarinato below ; their neural spines 
have coolenccd to form a high ridge. Th o acetabula look almost directly outwards. 
The head of the femur has no pit for a roimd ligament. A fabeEa is presccved 
behind tho outer condyle. A hamular process is sent otF Irom the head of tbe tibia and 
fibula ; the lower moietios of the shafts of these bones are blended together. The toes 
BTB five in number on tbe bind-feet as in the fbio, but are much moro feebly develaped. 
They serve to throw back the loose earth detached by tlie spode-abaped hands. 

Bheletan «r the Bat— The form of limb presented by the arm and hand of 1^ 
hat offors the most striking contrast to the burrowing trowel of the mole. Viewed in 
tbe living animal it is a thin, widely-oipandod dieet of membrsne, sustained like 
an umbrella by slender rays, and flapped by means of these up and down in the air, 
and with such force and rapidity, as, comhincd with its cxtenaive surfaco, to peaot 
upon the rare element more powerfully than gravitation can attract the weight to 
which the fore-limbs ore attached ; consequently the body is raisBd. ak^ ia>*>. 
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homo Biriftly tirough the air. Tho mninma! now rivala the i>M in ita facultj' of 
Mj;. 42. progrcHsiTe motion ; it fliBB, and the in- 

stnimeals of ita aerial course are calkil 
"vings." The whole &ame of the hat ia 
in hnrmoiiy with thia fscnlty, hut the ma- 
maliaa t^c of Bkeleton is in nowise 
dopsrted from. 

The vertebral formola of the common 
bat (resptrtilio wurmw) (Fig. 42), is— 

7 cervical, 12 dorsal, 7 lumbaj-, Ssacret, and 

8 caudal vortebm. The chief choracteiia 
licB of the skdotjin arc — tho gradual dimi- 
nution of aizu of tho spinal column Irom 
the cervical to the aacral Fegiona ; the ab- 
aencD of neural Bpinea in the vortfhrm 
beyond the dentata ; a keeled atemum ; 
long and strong, bent claviclea, 58 ; broad 
scapulie, 61 ; elongated hiuncri, 63 ; more 
elongated and alender radius, 55 ; and still 
longer and mora alcndcr metocarpolB and ' 
phnlangra of tho four flngein, iV, Hi, tV, V, ] 
which ere without clawa, the thumb, i, i 
buiug short Bud provided with a claw '• 

""'"'■ tho pelvis, 62, ia amaU, alendor, and open 
at tho pubis, fi3 ; tho fibala, 67, is rudimentol, like the nlna, 54, in the fore-arm. 
~ uon bat has along and slender stiliform appendage to the heeJ, 68, which 

helpa to auslain tho eando-fomoral membrane. The hind digits are five in number, 
short, aubequal, each provided with a claw; they are the instruments by which the 
bat auapcnda itaclf, head downwatda, daring ita daily summer sleep, and continoed 
winter torpor. 

Skeleton of the CoxniToioiis Hanunalla.— The Hon may bo regarded aa 
tho type of a quadruped. The wcll-adjuatcd prbportiona of tha head, tho trunk, the 
fore-limba, and tail concur with their aLnictutc to form an animal swift in COurac, agile 
in leaps and bounds, terrible in the overpowering force of tho blows iuflicMd by the 
fore-limbs. The strong, ahnip, much-curved, retractile talona tenninating the liroad 
powarful feet, enable the camivoro to eohso the prey it has overtoicn, and to rend the 
body it has struek down. The jawa hare n pioportional strength, and are aimed with 
■CB, lacerate, and kill. 

IS chaiactcr of the akoll, as exemplified by tho eagittol and oecipita 
-oats, by the strengDt and expaase of Ihc zygomatic archca, by tlie breadth, depth, and 
Bhortness of tho jaws, by the height of tho coronoid prooesses, and by the depth and 
extent of the foBste of the lower jaw for the attachment of the biting muaoles, leoohes 
ita maximum in the lion. The triangular occipital region is remarkable for the depth 
and holdnoss of the sculpturing of its outer surface, indicative of the powerftd. mnaelea 
working the whole akuU npon tho neck and trunk. The conjoined paioccipitals and 
mastoids form a broad and thick capaular support for the hack part of the aceustio 
balLo. The pterygoid prooesses are imperforate, A wcll-niarked groovo eitenda on 
each side of the bony palate from tho posterior to the anterior palatine foramina. The 



prpmflinlliiriaa are comjinratiTcIy shnrt, and one-half of the Ittteral border of ihe noAali 
cliipctly artionlates with tha masillarieB. Tlio aniorliital foramina arc largely mdiGativ9 
af the Bizo of Che sensitiTe nerve supplying the wBll-developed wliiBkcra. WitHu the 
cranium we find that agei&cation has extended into the merohrane dividing the cerebmot 
Iroiu the eerebellum. This bony tentorium extends above the petrosal to the ridge over- 
hanging: the Oasaerian fossa *, the petrosal ia short, its apex ia neither Dotchefl nor per- 
forated ; the oerobellar pit ia very shallow. The sella turoica ia dscp, and well defined 
by both the anterior and posterior clinoids. The rhinencophalic fossa ia relatively larger 
in the lion than in most eamivora, and is defined by a weli-nuu^d angle of the inner 
table of the akoU from the prosenccphalic compartmenl Tho olfactory chamber extends 
backwards both above and below the riiinencephalic foeaa ; the upper part of the chunbeT 
13 divided into two sinuses on each side. The superior tmrhinals extend inbi ^e anterior 
sinus, and below into tho presphenoidal sinus. All the bones of the skeleton are 
remarkable for their whiteness and compact structure. 
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The vertebral formula of the lion (Fig. 43) is — 7 cecviGal, 13 dorsal, 7 lumbar, 
3 Eocrol, and 23 caudal. Tha last cervical vertebra has the transversa pro- 

lea impi'rfarate, being formed only by diapophysBs. Tho eleventh dorsal is that 
toward which tha spinea of the othur trunk-vcrtehne converge, and indicalea tho oentro' 

notion of tha tiuak- in this bounding gnadniped. Eight pairs of riba directly join 
sternum, which conaiata of eight bones. Tho clavicles aro reduced to clavicular 
bones, US, suspended in the fleah. Tho supraspinal fossa of tho soapnla is less doep 
tlum the infniapinal one, and ita border is slmost uniformly convex ; tho aoromion ia | 
bi&d, tho recurved point being little lari^r than the extremity or anterior point. Ths I 
humerus, Sli, is pcrforoled above tho inner tondylc, but not between tho condyles. 
The mdiua, SH, and ulna, S4. arc so nrtumlatcd as to permit a &ce rotation of the fort>- 
paw. The scaphoid and lunar bones are connate. Besides these, the bones of tho 
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caipus Bre the cuDeifbnnu ; the piailbnQO ; the trapezium, which givas an artieulatioa to 
the ulnai: dde of the baw of tht short motai^arpus of tliu puUez ; tlia trapezoidcs ; the 
magnum, wliichiBtheleaatoffhDciirpaJboiica;tho micifarmc, which Bupporta, ae uai 
the metttcaipals of the fourth ami fifth digits ; and ihc piBifonne, which projecta iar 
hockwards, like a auiall cdcuiGum : thera ie dJbi] a Bupplcroentary oncicle wedged in the 
intctspice between the pcomlncat ead of the acapho-luniu' bane and the proximal end 
of the metaciup^ if the poUex. The pollex ia retained oa the fore-foot, and, like the 
uUicr toes, ia terminated bj a large, comprcaBcd, retractile, ungual phalanx, funning a 
docp aheath, for the Snn attachment of the large curved nnd sharp-pointed cluwa. 

The pelvis, 62, 63, 64, the femur, 65, the tibia, 66, and fibula, 67, ofi'er no i-nmark- 
abh^ modificatjcois of atruotuce ; the patella, 66, is well ossified, ajid there is a &hella, 67, 
beLind each condyle of the fomur. The tarsal bones are the aaCragoius; the scaphoides; 
the caleancum ; Ihe cuboidea, which, like the unoifoima in the carpus, supports the two 
outer digits ; the cuneiformc externum, which, like the m.gnimi^ supports the luiddle 
digit i th« GUiteifonne ntcdiuni, which, like the trapc^oides, supports tlie second digit ; one 
the canoifonno internum, whiuh auppurta the rudiment of the mctatnraal of the lirat oi 
innermost digit. 

The last or ungual phalanx, in both fori! and hind feet, has a boay ahcath nt its basi 
for the firmer implantation of the claw ; and its joint ia at the back part of the proxima 
vnd of the phiilanz, whereby it can he diavn upwards upon the aceond phalanx, whei; 
the claw becomes concealed in .tho ibid of integument forming the interspace of the 

This state of retraction il oonatjuiily maintained, except when overcome by an 
extending force, by mcatiB of elastic ligsdcnf*. The principal one ailaGs from the 
outer side and distal extremity of the secood pjialonx, and ia inserted into the superior 
angle of the last phitltmi; a second arises &oin the outer side and proximal end of tho 
eccond phalanx, and paaaea obhquely to be inserted at tho inner side of the bsae of the 
last phalanx. A third, which arises &am the inner aide and proximal extremity of the 
second phalanx, ia inserted at the same point as the preceding. The tendon of the 
flexor profondus pcrforana ia the antagonist of the elaatie ligomcnta. By the action of 
that muscle the last phalanx is drawn forwvida and downwards, and tho claw exposed. 
In order to produce the full effect of drairing out the claw, a corresponding action of 
the oxteneor muaole is necessary, to support and fix the second phalanx ; by its ultimate 
joseitiDn in the terminal phalanx, it scrvea also to iDstrain and regulate the actions of 
the flexor muscle. Aa &e phalanges of the hind^foot are retracted in a difierent direc- 
tion to those of the fore-fuot, i. e. directly upon, and net by the aido of the second 
phalanx, the elastic ligaments are diSerently disposed, but perform the same main office. 
It seems ssaroely m'cesaarj to allude to the final intention of these beautiful stnictures, 
whioh ore, with some alight modificatione, common to the genus Felii, The elaws 
being thus lotracted within folda of the integument, ore preserved constantly sharp, 
and ready for their destined funetiona, not being blunted and worn away in the ordinary 
progressive motions of the animal ; while at the same tinje the sole of tho foot, being 
podded, Buch soft parts only are brought in contact with the ground aa conduce to the 
noiseless tread of the st«altby feline tribe. This highly-developed unguiculato structure 
with the dental system and concomitant modifications of the skull, completes the pre- 
datory character of the typical OimitiBra, 

SketetOB of th« Rangaioo.— Australia poascssea on indigenous race of herbivor- 
iis mammals created to enjoy existence on its groaay plains. But the climate of this fifth 
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oimbnent, aa, from its extent, it has been (cnaed, is lubject to drooglitB of unusual dutntion , 
ouil the parcied up graas, ignitod by tho electric holt or other cause, ofton raises a coQ- 
flagroticFn of fearfiil oitont, and leaTBfi a correspondingly mde-sprcad Uaokoaad desert. 
To IhB antelope, and other ruminants of tropical or wanner iatitadea, swiftness of limb 
has beeu eivon, whiob cnablea them to migrate to rivet valleys, where the vegetation is 
prefiorvud &om the influence of the dry 
season. Australia, however, is peculiar 
for its scanty supply of perennial streams ; 
the torrents of the brief periods of raia 
are reduced to detailed pooU in the dry 
aea^n, and these are parched up in tbo 
Inngdroughts, learing hundreds of miles 
of the country devoid of sorEieB watflr. 
li^ tlien, the parent herbivore could tra- 
verse the required distance to quench ite 
thirst, or eatisfy its hunger, the tender 
yont^ would be unable to follow tho 
dam. A modificatioa of tiio procreativo 
prooeae has aecerdingly been siipfiriii- 
duced, which cbflraolerutos the Austra- 
lian mammals; tho young oro prema- 



turely brought forth of embryonic size and helplessness, and are transferred to a 
I pouch of inverted sMn, concealiiig the uddei ; and in this marsupium, as in a 
well-stored vehicle, they are easily tranaferred l)y the parent lo any distance to wMob 
tho climatal oonditiona may compel her to migrate. The economy of this portable 
Quracry, the requisitfl manipulation of the sneUing young therein suspended &Dm tho 
teat, demand a certain prcheosilo power of the (ine-linihs, a freedom of the digits, with 
some opposable tkculty in them, and the poesesdon of so much sense of touch aa would 
be imposaible were the digit to be incased in a hoof ; tho homy matter is aecordingly 
developed only on tho upper surface of ths flnger-end, and ia in the form of a claw. 
But tbe unguioulate pentadactylo extreniity— though a higher grade ef structure in the 
progiees of limha — ia not suit^ fbr the ciigeneiea of the herbivoie, and would have 
appeared utterly incompatible with an ciistence dependent en graxing in wild pesturea, 
had we argued from knowledge lestiicted In the forms and atmcturos of tho hoofed hor- 
birorea of tho Europieo-Asiatic, African, and American continenla. How, then, it may 
be asked, is this diJGoulty overcome in tho case of a graxing animal, necoaaarily a 

ipial, and consequently an unguiculate one > The answer need only ' 
to fig. 44 : tho roqnisite faculty of migratioa of the parent with the tender offspring is 
gained b j transferring tho looomotivo powct ta the hinder pair of limha estraordinarily 
duveloped, andaidedby a correspondingly powerful tail; the fore-limbs being Tertricted in 
their development to the size lequiaita for the marsupial office;* and other accessory uses. 
This is the condition or eiplanatioa of the seemingly anomalous form and propor- 
tions of the kangaroo,— GO strange, indeed, that the eiperionced natnrahats, Banks and 
Bolander, may well be oionsed for inrminiig they had aeen a. hu^ IraA-aWii'^is^ 
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first cnuglit a glimpse of the kutgoroo in the itrange land which they, irith Cook, 
discovered. 

The rapid eonrae of lie iangaroo ii ty a aucpeasion of leaps, in which tweoty to 
thirty yard'i are cleared at a bound ; the herbivore, inet^jad of a Hwiit courser on four 
pretty equally developed hoofed ciIremitieB, is, in Anatralia, a leaping animnl ; and 
the Baltatorial modification of the mammaliau sieleton is here shown in that of one of 
the BwifCoat and most agile of the numerous species of kimgaroG, the M/uropua tlryam. 

la this kangaroo, 13 vertebne are doraol, G are lumbar, 2 are sacral, and 28 are 
^ndal, the first fourteen of which have hiemapophyses. These elements coalesce at 
their distal ends, and form Bnudl bieinal arches ; they ovcrspan and protect &am prea- 
snre the great hload-vesBela of tiio tail, the pover&l mnscular fasciculi of which derive 
inereascd aiufaoe of attachment &om those Liemal arches. The pelvis is long ; the strong 
piismatie ilia, 62, and the ischia, 03, carry out Iho great flexors and oitensora of the 
thigh to a distance from their point of insertion — the femtu, which makes these muscles 
operate upon that level at a most advantn^ous .angle ; the trunk, home along in the 
violent leaps, needs to be unusually firmly Lound to the pelvic basis of tho chief moving 
powers. Aeuordingly, wo find apair of boEca, 04', extending forwards &om the pubic 
symphysis, 64, along the ventral walls, giving increased bony origin to the unnsually 
developed median abdominal muscles attaching the thorax to the pelvis ; and these 
'* munupial bones," as they arc colled, have accessory functions relating to leprodnc- 
tion in biith aexea of tho marsupial qiuidnipcds. The femur, 63, is more than twice tho 
Jength of the humerus ; it is preportionally atrong, with well-developed great and small 
"trochanters," end a "fabclla" behind one- or both condyles. The patella is unosaifled. 
The fibula, ST, is immoveahly united to the lower half of the tibia. This bone, 66, is of 
unusual length and strength, and is firmly interlocked below with the trochlear astra- 
galus. Tho htx:l-bone sends backwards a long levor-like procoas for the favourable 
insertioQ of the extensors of the foot. Thia member is of very unusual length. The 
innermost toe, or hallux, is absent ; the second and third toes are oitrcmely slondor, 
inolosed as far as the ungual phalanx in a common fold of integument, and reduced to 
the function of cleansing tho fur. The offices of support and progrcBsion are perfonned 
by the two outer tooa, tv and i', and principally by the fourth, which ia enoimously 
developed, and terminaW by a long, strong, three-sided, bayonct-shapcd daw ; these two 
toes are supported, as usual, by the os cuboidcs, which is coitcspondingly lat^, whilst 
the unvioulare and the cuneiform bones are proportionally reduced in aizo. The bones 
of the fore-limb, though comparatively diminutive, present all the complexities of 
structure of the ungainulatc limb. The clavicle, S8, connects the acromion with tho 
atcmum, and afibrds a lulcnun. to the ahoulder-joint. The humenia, articulating below 
with a radius and ulna which can rotate on each other, developes ridges above hotli 
inner and outer condyles for the eitended origin of the muscies of pronation and Biipino- 
tJon. The brachial artery pierces the entocondyloid ridge. The carpal bones, answering 
to the scaphoid and lunar in the human wrist, are here confluent. Ho digits are five in 
number, enjoy free, independent movements, and ore each terminated by a sharp-curved 

Skeleton of the QtutdnuouiB.— The sloth is an exclusively arboreal animal; Ha 
diet is foliage ; it has but to bring its mouth to the leafy fixid, and the lipa aid tongue 
serve to strip it from the branchea. The eitreraitics, as we have seen, servo mainly to climb 
and cling to branches, and occasionally to h-ook down a tempting twig within reach of the 
juoiiih. There is, however, another much more extensive and diversified order of arbores] 
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TiumTnnli deitittoil to flulHost OQ the fniita and ollisc mure MgUy Jcrelopen proiIuutK al 
Ilie Tegetabia Mngdom iJuui mere leaves. In. the manki^a, buliooiia, and apca tna 
eztrcmilisa nj-e cndavpd iritli preheiiaile faculties of u mora perfect and vaiif d che.- 
lactar than in the aloths ; and this odditionid power ja gainsd by e. full development of 
the digits in normil number, with free and inde- 
pendent ntnvemsntB, which in ose of them~~tbo 
firot or innermost — ore such db that it can he opposed 
to the rest, so that objectB of ti ~ 
graiped. This modifica 

nala in iiuestion have tho 
opposable "thumb" on both ibrc and hind limbs, 
they arc celled " quadnunena," or four-handed. 
The rest of the limb manifests a correapDnding com- 
ploiity or perfection of etrucfure; the triink is 
adjusted to accord with the 

9 of such instrumeute, and y, 

the brain is deretoped in pro- 




portion with the power of eiBCUtingeo great a variety of actions and 
the fcor-Landed atrucluro givea capaeity for. 
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In tbo ekoll of the quodnimatia ora aoea indicntiaiis of a ooocomiUnt petfectiai] of 
tikS cmter Geoeca : t^ orbits bib antirc, ami directed forranlii, with tlieir outlets almost 
on the some plime ; both eyes oan thua be brought to buar upon the suae object. The 
ie3t of the tace, formed by the JBVB, now bcgim to bear a amaller proportion to the 
progreBsivelf expanding craninm. The ncc^ of moderate length, has ite bcvbd VBit«- 
bra: well developed, with the eoatal processcit large in the fiAh and sixth : tho doiwl 
Tcrtebra;, twelve, in the spetiea figured [Pic/ucui latyrui), show by Iho convergence 
of their epines towards the vertical one on the ninth, tiat this is the eontro of move- 
ment of the trunk. The lumbar vertfbrs are four in number : in the iuluiior monkayi 
they aro eevcn, and the anterior ones are Gjmly interlocked by well-doveloped aoapo- 
phyies and metapophyses. The Eacrnm is etiU long and nairow. The tail, in loma of 
the lower qnadrumaaa, is of great length, including 30 vertebno in the red moakey 
(_&reapit/itcm ruier), in which tho anterior onea oro complicated by haying hicmal 
arches. The clavidea are entire in all quadrumana. The humerus has its tubcrosi- 
ties and eondyloid oreEls weU developod. The radius rotates &eely on the ulna. 
The wrist has nine bones, owing to a diviaitin of the scaphoid, besides supplemen- 
tary sesamoids adding to tlie force of some of the iDUBoles of the hand ; the thumb 
is proportionally shorter in the fore than in the hind foot. The patella is ossified, 
and in most baboons and monkeys there ia a fabeHa behind each condyle of the 
femur- The fibula is entire, and articnlatcd with the tibia at both cnda. The tarsus 
has the same number and rdativu poaition of the bon^ as in man ; but the heet- 
bone is ahort«r, and the whole foot rather mora obliquely articulated upon tho leg, 
the power of grasping being more cared for than that of aupporting the body ; the j 
innermost toe forma a iaigo and powErM oppoanblo thumb. 

Thiiro is a well-marked gradation in the quadrumanous series from the ordinary 
quadropedol to the more bipedal type. In the lemuia and South American monkeys ' 
the anterior thumb is shorter and much less opposable than the hinder one ; in the | 
apidcr-monlieya it ia wanting, and a compensation seems to be given by the remarliable I 
prehcBaile faculty of the curved and callous extremity of the long tail. Tbia member | 
in the A&ican and Asiatic monkeys ia not prehensile, but the thumb of (he fore-baud i 
is opposable. In the true apes the tail is wanting, i. b. it ia reduced to the rudiment 
called "oB coccygis;" but the fore-arms oro unusually developed in certain species, 
hunce sailed " long-armed apes." These can awing Ihemsclves rapidly from bough to 
bough, traversing wide spacea in the aerial leap. The orang (Fig. 45) is also remark- 
able for the disproportionate length of tho arms, but tliia difierence from man becomes ' 
less in the chimpanzees. The large apcoioa called GoriUa, which of all brntes makes the 
nearest approach to man, is still alridtly " quadrumanoua ;" tile great toe, or " hallui,' 
being a grasping and opposable digit. But ttie hiatus that divides this highest of 
tho apo tribe from the loweat nf tho human apeoies is more strikingly and decisively 
mauifested in the skull (Pig. 50). The common teeth in (he male gorilla are deve- 
loped, SB in (ho mole orang, to propcoilona emulating the tusks of the tiger ; Qiej are, 
however, weapons of combat and defence in tbese great apes, which are sbictly fru- 
givoiuui. Neverthelflfla,thamuscle3thathave to work jawa ao armed require modiflca- 
tioQB of the oranimn akin to those that charaoteriao flie lion, viz., groat interparietal, 7, 
snd ooatpital, 3, crists and massive xygomatio sichea. The spines of the cervical 
vertebne are greatly elongated in relation to the support of such a skull, the facial part 
of which extends m iar in advance of the joint between the head and neck. The chim- 
panicGs, moreover, diHor fivm man in having tliirtecn pairs of thoracic moveable riba. 
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The loag and flnt iliac boDca, 62. the short fcmom, iiS, bo articulatod -viih the leg- 
buuua, 66, as to retain habitually- a lient position of ttu.' knee, the short cnlcanea, c, 
and the inward inclination of tho sole of the foot, itU indiciite, la the highost aa in the 
lowest quadruinrtno, nn inaptitude for the eiiut position, and n compeoeating gain of 
elimbing jioivct favourable for a life to be spent in trees. 

In the oataological structure of man (Fig. 46), the rertebratc arphetrpe is furthest 
jrpsrted trota hj leaeon of the Bslremc modifieCLtiana required fo adjogt it to the pecu- 
liar po»tuie, locomotion, and cndle^ Tsrietj of aetiona ohsracteristic of the hnmim rauF. 

Aa there ii nothing, ^hort of flight, done by the moving powers of otlier animob 
that serpents eannol do by the vertebral colnmn alone, so there ia no analogous ad 

mode of mention that man cannot perform, and mostly better, by hia wonderfiiUy 
dcreloped limbs. The reports uf the achiavftnents of our athletes, pi-ize wrestlers, 
prize pedentrionB, fimambolistJ, and the records of the shorfc-pitrsiiing nnd shark- 
alaying amphibious Polynesians, nf the equestrian people of tho Pampas, of the Alpine 

lascra of the 'ehainois, and of the nuanBorial biirk-atrippera of Aquitaino, ion<j;u 
testifying to the intensity of those varied powers, when educed by habit and by 
billed practice. The perfection of almost all modiScalioTiH of active and motive ati 

to be attained in the human firame, bnt it is o perfccticm dne lo eiipecial 
sdaptution of the vertebrate typi?, with a proportional departure from its fundamental 
pattern. I^ot ns see how this ia exomplilied in tho akelcCon of "^ H ■^ [Fig. 4U), viewing 
it from the foundation upwards. 

In tho typical msmmnlian fuot tlie digits decrease from the middle Ui thu 
extrfDies of the series of five toes ; and in the modifications ol' this type, as we have 
traeod them through the several gradations (p. 243, Figs. 3S-39], the innermost, i, 
tho first to disappear. In nrnn it is the seat of excessive development, and recei^ 
the name of " halliai," or " great too ;" it retains however, its ohsractcristic initrior 
number of phalanges. The tcoduna of a powerful nrascle, whioh in the orong and 
tiiinipaiixco ore inserted into the three middle toes, arc blended in man into one, 
this is insfrtod into the hsllui, upon which the force of the muselo now called " Heior 
kinj^ls pollieis" ia exclusively concentrated. 

The orroiigemont of other muscles, in subordination to the pccnlinr development of 
this toe, make it the chief fulcrum when the weight of the body ia raised by the 
puwt'T acting upon the bed, the whole foot of man exempli^iing the lever of the second 
Und. The strength and backward production of the heel-bone, e, relate to the alimen- 
tation nf the power. The tarsal and metatarsal bones ore coadjustcd, so aa to form arches 
both li'nj^hwlse and across, arkd receive tho superincumbent weight from the tibia oi 
tiiB summit of a bony vault, which haa tho advantage of a certain elnstieity combined 
with adcqunto strength. In proportion Id tho trunk, the pelvic limbs are longer than 
in any other animal ; they even exceed those of the kaagoroo, and ore peculiar for the 
vnperioF length of tlio femur, 65, and for the capacity of this bone to be brought when 
lluilog ia extended, into the same lino with the tibia, 66; the fibula, 67, is a distinct bone. 
Tho inner condyle of the fumuripi longer than the outer one, so that tlie shaft ilelinos u 
little outwards to its upper end, and joins a neck toogei than in other animals, and set 
pB at a very open angle. The weight uf tho body, received by the round heads of the 
toigh-bonea, is thus transferred to a broader base, and its support in tho upright posture 
(militated, Tho pelvis is modified so as to receive and sustain bettor the abdominol 
viiRcni, and to give increased attachment to the muscles, especially the "glutei," wliieh, 
oompamtively small in other manunols, are in man vastly dcvehnied tn ^whaMUJ.'&ffl.'g'^^^^ 
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upon the lego, und redproctdlf to muva thcsu upon iba trunk. The greet bi-oadth uid j' 
nnf^i^ coDuavJly of the ilJi*ni, 62^ ara ohftntctcristia modiSualiciis of this hanc in mm. | 
The pplvia ia mors capacloiu, the tubcrosil.y cf the ischium is lees pmrninent. and the ! 
iyiuphysis pubis shortoi', than in apos. Thu toil is reduced to thR>c ur fuur Htuntod vof- \ 
t^brSf onuhflosod to form the boue coUtid "oa «>ccygi8." The five vextehrffl vhich | 
noalesce to form the sacrum are of unusuiL breadth, and the &ea or "true" vertebra^, i 
that roBt on Ihe ba«e of the aoaral wedge, grado&ily docreaso in size tn the ujiper part . 
of the qhiat ; all the free yertebrae, diridad into five lumbnr, tvrelTC dorsal, and tevea ' 
ccrvica], are to artiaulated as ta de^rihe thrac flight and graueful eanea, the b^nd being < 
forward in tlio loins, hankwnrd in the ehnst, and forward again in ihc neck. A wtt i 
elastic cuahion, ef " intervertebrul" Bubatance, reata hetveeittbe bodies of the vortebriE. 
The distribution and Khratian of the trunk, with the BUperaddird weight of the head sod 
arms, ore faToured by these gentle ciures, and Ihu shock in leaping is broken and di£- j 
fused by the nunuirous elastic intorrertohral jointa. The expanaion of the cranium | 
behind, and thu shortening of Ihc face ia front, give a globe-liio fijtni to the skull, 
whioh is paired by a pair of UKidylcs, advanced to ncoi' the middle of its baie npiiD 
the cups of the atlas ; so that thoco ia hut D slight tDndeiwy to incline Cnwnrda wfatu I 
the balancing action of tbe muscles ceases, tut when the heodnods during sle^ in an I 
uptight posture. i 

The framework of the upper extremity shows all tho perfootians that havo bem | 
superinduced upon it in the ipanurialian series, vi;;., a complete clavicle, 58, antibiaehiol j 
bones, 5i, 55, with rotatory movananla as well aa those of floxion and extensiot^ and ' 
the five digits, 57, froo and endowed with great eitent and variety of movements; 
of these, the inuermoat, whiGli ts the first b> shrink and disappear in the lower mom- ] 
malia, is in man the strongest, and is modiHi'd to form an opposable thumb more powerful ' 
and effeetive than in any of the quodrumana. The soapnla, 31, prtaenls an expanded . 
surfiioo of attachment for the mnscks whitih work the ami in its freo socket, the 
humerus, 63, exoceds in length the bones of the nn^-arm. The earpnl bones, 56, 
are eight in n.uinbec, eallod seaphoides, lunaro, cuneiftmnn, pisiforme, trapeiiiun, ^ 
trapczoides, magnum, and unoiforniQ ; of these Iho scaphoid and anciformo arc com- ' 
poood bones ; i.t. they i»nsiat each of two of the honss of the type-corpus, connate. | 

In the human skull, viewed in relation to the archetype, as exemplified in the fish , 
and the crocodile, the folloving eitrsme modificatums have been establishod. In tho 
occipital sagmant tho bemal arch ia detached and displaced, as in oil rertebrates abmo [ 
fish; its pleumpophysis (scapula, 61) has exclianged the long and slender for the bn>ad 
and flat form; tho htemapophysis (coracoid, 62) is mdimcntal, and coalesces with.61. 
The neniBpophyses (eioucipikda, 2) coalesce with the ncurai apino (snperoctipital), and 
next with tho centrum (bSEioccipita]). Thia afterwords coalesces witii the coitnun (bad- 
aphonoid) of the parietal eegment. TVith this centrum also the ncurapophysoB, called 
" alispbenoids," and the ccotnun of the frontal vertebra, called " prosphenoid," become 
aochylosod. .Tha neural fpino (parietal) retains its primitive distinctnoas, bnt is 
enormoitaly expanded, and is bifid, in relation to the vast exponainn of the brain in 
man. The parapophysis (mastoid) becomes iconfinent with the tympanic, potroaol, and 
sqnnmoaai, and with tho pleorapophyaifl, called " stylohynl," of tho hmmol (hycndian) 
arch. The htcmspophysis is ligamentous, savp at its junetion with the hieinal spine 
when it forua the usaicle called "lesser comu of the hyoid hone," the spine itaalf bmng 
the hiaihyal or body of tho hyoid bone. The whole of this inverted arch ia much 
redaeei in aiir^ its funotiom being limited to those of the tongue and larynx, in regard 
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a, speech, and deglutition. The nciirapopkyae^ (orbitOBpenuids) becoining con- 
fluflot witli the coatnim (prasphGHotd) of the fi-dntnl vcrtelim, and tho lattpr coalcacing 
with tbftt of the pariutal vertebra, thu tompoiiad bone caUed " sphenoid" in anthm- 
. potomy reanLta, whirli cumbincs tht ccntmini and ncurapaphjscs of two crimii] 
Tcrtcbi'Ki, loguthcc ivilb a diverging appendago (ptBrygtrid) of tho mniillaty areb. 

The knowledge of the eaaential nature of riuch a wmpaund bont gites a nimi to ibe 
pbbnomCQ&. of iCn disTolapJiieat &tjm so nutaj Boparatc points, wbiob GjxbI causes couJd 
aatiafactorlly aSordod. Aa the oentnim, S, beeomea eondnunt with 
No. 1, a still tourc cuimplei whole results, whioh bas Bcoordingly been dasoribed 
a Kingle Ixme, under the narao of "as ejriiena-oooipital" in eoiue anthroputO' 
i;i. Suclt u bone baa not fcwsr than twelve distinct centres of ossiQcation, 
n-apondlng with lu man; distinct hcaus in the cold-blooded f"'-""!' thst depart 
less from the vertebrate nrebetypc. The spine nf the fronts! rcrte)]ra (&ontal 
bono) ia much expanded and bifid, like th.a parietal bono ; bat the two h&lTcs mom 
&oqu™tIj cOfllfaea into a aiaglo bone, with which the parapopbyBis (poatfrontal) 
is connate. The pb^iu'ept^hyais of tbe btsuuil arch (t}7upa]iic bone) is leduaed to 
its funotion in relation to the orgnn of hearing, and bccomcB ani:hyloscd to tbu petrosal, 
the «[uaraosBl, and liio mastoid. The bajmapophysia is modified to form the den- 
tif^erous loH'er'jaw, btit articnlates, as in other mammals, with u divLTging appendu^ 
(s^iiftmoaal) of the< antecedent hienial arch, now interpoaed between it and its proper 
plcurapo^yiis : the two heemapophysea, moreover, became conSuent ut their distal 
ends, furming the sympbysis mandibulo!. 

Tho contruni of the first or oa^ vartebra, like that of the last vertebra in biida, is 
shaped liko a plougbshans, and is called " vomer ;" tie nenrapoiibyBcs have been sub- 
i> aimibir ci>mprDssien, and are reduced to a pair of vertical plates^ which coalesce 
together, ajul with parts of tbo oUJoetory i^a^ules (upper and middle turbinuls), fanning 
tho compound bune eallud " lotbnjoid ;" of whicb the nearapopbyses (prefrontals) form 
tho " lamina perpoDdicularid" in human anatomy. The prefrontals assume this conflu- 
mco and concealed position evon in some Sshcs — xipAias, e.g. — ^and repeat the cbBTaetcr 
n all mammalia and in must birds ; but they bcuome partially exposed in the ostrioh 
and the batFOi^liia. Tba apinu oi' tba nasal vertebra (nasal banes) is nsuidly bifid, like 
thuu of tho two succeeding segments ; but it is much less expanded. The hnnnal, called 
maiillaiy arcli, is formed by the pleurajkophyses (palatines) and by lliu hoemapopbysea 
(maxiUonea), with which the halves of Ibe bifid hiemal spino (prGmaiillitries) are partly 
cuunalc, and beuOKto oompliitelj i:on3uent. Each moiety, or prcmnxilhu-y, ia reduced 
to the aize ic<]iiir(id for the lodgment of two vertical incisors : as the cauioeB in man 
du not escead the ai^oining teeth in length, and the premolars are reduced to two in 
number, the alvcrdor extent of the maxillary is shott, lyid the whole nppcr jaw iri very 
slightly pionuncnt. 

Of the diverging appcnda^s of the maxillary arch, the more ronstant ime, eaUcd 
"pterygoid," articn]»te3 with the palatine, but coalesces witiithe sphenoid-, Iho second 
pair, formed by the malar, 26, and squamosal, 27, boa bem aubjuct to a greater i 
of modification ; it atill prrfonns the function assigned te it in tizonla and birds, where 
it has ita typieal ray-like &gure, of connecting tho maxillary with the tympanic 
the secoad diviaion of the appendage (aqotuiuisa)) which btignn to expand in tbc lower 
momniaUa, and to strengthen, without actoolly forming part, of the walls of the brain- 
case, now Httaiua its nuuimumof dcvulopoicnt, and forma an inlegral constituent of tbc I 
cvanial parirtes, filling up a Uirge cavity botween. the neoral. ladttfs.'A ■&!!. T<gj?jgK^-«^ \ 
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psriptal sogmantB. It fioalescps, moreoyec, with tlip tympanic, (nastoiJ, nnil petroBBl, 
■Dd forms, vrith the subacquentlj iLTU!]iylos<^d st^lohyol, a Fomponnd hone roUpd 
"temporal" in huBum anBtoiny. The key to the complpi beginning of thia "craniiil" 
bone is again given by the dUcoyery of thp goncr.il pattern on which the slcnlla • 
of the vertebrftte animals huve bi<en eonBtniutcd. hi relatioa la that pattvni 
thu lirohetypc vertabratB akoletoii, the human tein 
ileurapophyacB, 38 unit 28, a paropophy^ia, 8, part of a 
inil a Bcnao-capsiUe, 16. 

The dppnrhire from the archetype, which we ohserre in the human ektiU, ia 

on^picuous in the neural apincs of the three chief segments, which, archetypally, may 

le regarded ns dcfonnitioa by eseeaa of growth to fulfil n partieuliir uae, dependent or 

ho maximisation of the brain ; the deviation is again marked by arrest of growth oi 

suppresaion of ports, aa ^. 7. in ecctnin porapophyaea, and in the hiemoi arch nf thi 

parietal sEgment ; it ie most frequently exemplified in the conloseence of parts primarily 

and archetypally distinct ; and it is finally manlfeated hy the disloeation of a part— 

., Ae hoimal arch of the oeeipital Hegmont— -the direrging rnys of which hayo hecorai 

' seat of that marvellous development which has resulted in Che formation of tha 

euus basis of the human hand and arm. With the above explnnation the atractun- 

of the human skull can iio intelligibly comprehended, and not merely empirically 

uiidorstoDd, as throi^h the absolute descciptiana penned in refercnue to material and 

utilitarian rcquiromenta, and without reference to the great scale of vertebrate st 

turcs, of which man is the summit. 

The fruit of a aeries of compariaouB, eiteoded over all the vertebrate kingdom, being 
the reeognition of the archetype governing the struoture of the vertebrate skeleton, the 
expnseion of eueh knowledge has necessitated the use of general terms, sneh as 
'■ vertebra," for the segments of the skeleton, " neurapophyaea," fin- a constant element 
of suoh Bogmont, and the lite " general . names " for other olcmenfa. When any of 
these elements are modified for special functions, then also a special nnme fnr it becoiues 
a eonyenienM, as when a " pleurapophjais " becomes a jaw or Wndc-bono, &e., a 
" diverging appendage" an arm or a 1^. Deep thinking anatomists have heretofore 
caught glimpses of tbese higher, nr more genBral, i-elatiiins of the yartchrnl elements, 
when much modified or specialised, as c.ii. in the head, and have tried to giro eipreaaion 
to the inehoato notion, aa when Spii called the " maxillnry ari^h " the " arm of the 
head." These glimpsea of a gnmt truth, were, however, ill received ; and Curler 
iJluded to them, with ill-diaguiBed emitempt, as being unintelligible and mysticul 
jargon, in his great work on Pwsil Animals (1825), But the error or ohacuritylny 
rather is the modo of stating the rclatienahip of certain bones of the head tu 
those of the trunk, than in the relationship itself: in the andeavonr. f.ir., to cipreBa I 
the iTlation liy apeoial instead of general terms. Even in 1845 the learned and ( 
liberal-minded editor of Baroa Cuvier's lost course of lectures, M. de Saint Agy, 

11 the oateological essays of 6pix and Okon, remarks : ~ 
[in 'upper jaw' is an 'upper jaw,' and an 'arm' is an ' bj 
j liriginato an osteology ont of a system, of metaphysics."* 

u jaw bocance it ia a "hiEmapaphysis," nor is on arm the less a 
I is a "lUTerging appendage." In the same spirit a critic mi^t write : 
I this earth a 'planet,' and tie moon a 'satellite;' for me the earth ii 



I 




FACIAL J 



— PROORESSrVE EXPAKHIOIT OF CKANIUU. 



thumb. Almost all tlie skull it 
ng.«. 



Fig. «. 



mooD is a moon. One murt not strive to make an oursnology out of aayateni 

aphygicB." AfItT the fiiHt rpcognitioii of a thing, onp nuy seek to penetrate, a 

need in knawing, its caaentinl nature, and yet keep within Ihc bounds of nature. 

In no cJms oF vertcbrab.- imimals is thcv progrt^siva Buperioiity of tlic Craoium 01 
tha faco marked by duch distinct stages 

n the manunalia. VariouB methods Wg- «. 

of determining these propoitiam have 
hoax proposed ; bat thu only satiafaotory 
oni' is by comparing vertical acctions 
of the skull, as iu the scries figured in 
the cuts i7~52. 

In the mid-blooded ferocious crocodile (Fig. 47), tiio cavity for the brain, in 
■kull throu feet long, will scarcely co " 
made up of the instruments for gra- 
tifying an insatiable prupeniity to 
slay and devour ; it is the material 
symbol of the lowest oniraol passion. 

Inthebird(Fig. 4S), thebrain-cmc 
has cipondcil vertically and laterally, 

but is confined to the book part of the iiBAiRosa. 

skull. In the small aiaging biids, with shorter lienks, tho proport; 
eavity bocomea much greater. In the 
dog (Fig. 49), the brain-caao, with more 
capacity, b<^ins to advance further for- 
ward. In the ohimponiw (Fig 50), the 
eapaeities or area of the cranium and 
face arc about equal. In man the cranial 
irra vastly surpasses that of the face. 

A difltawmce in this respect is noticeable 
between the savage (Fig. 31) and civi- 
liKcd (Fig. 53) tocea of mankind ; but it is i 
tlii? respect preaeQliHl by the lowest form 
uf the humnu head (Pig. 51) and the 
highest of the brute species (Fig. 50). 
Such as it is, however, the more contracted 

iuni ia commonly ac^'ompanied by more 
produced preniaiiUarii's and thicker wbUb 
of the eronial cavity, as in Mcmplified in tho 
negro or Papuan skull. 

■f a line be drawn from the occipital 
condyle along tlic Boor of the nostrils, and. 
be intorsoetcd by a leeoud touching the 
it prominent parts of the forehead and 
upper jaw, the intercepted angle givea, in a 
general way, the proportions of the cranial 

:y and the grade of intelligence ; it ia 
called the bciol angle. In tlie dog this 
angle is SIT ; in (he great ehimpanaec, or gorUla, 
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*rbital ridge uuwuions soma oaiggetation ; iu the Auatraliiui it. is 86' ; in tUo : 
it. is 95\ Tlieanoient Grei'k artists adapted, in thtir lican ideal of the beautiM'aiui 
in(<iUcctim1. an angle of 100. 




1 



A rttroapett of tlie I'orieil forma and pro'portions of the nkelotoas of animals, wholhcr 
modified for aquatic, aerial, or terrestrial lifis, will «hew that whilst they were prafectly 
and beautifully aduptiid to the spheio of lifo ami exigmccs of tho epetiea, they tuQii^rFd 
with remarkable eonstancj to.tiiM genera] patteni or arobetype whieh was Qrst mani- 
fested on this pknet, ea Geology tcachfis, in the diiia of Sshce, and vhiih bus not hceo 
di^nrled fromcren in the moit extremely modiSod skeleton of the last and highest 
Ibrm irhieb ^eatiTO 'Wisdom hsa been pkoaod to pkce apan tliia earth. 

It is no mere tFonseendintal dream, but true knowledge and legitimate fruit of in- 
ductive reaearoh, that clear inaight into the essential nature of oatli element of the buny 
framework, whieh is acquired by tracing them step by step, as, e. g., fram the nnbmuched 
pectoral ray of the lepidoaireu to the equally aiaall and slender but bifid pcotoral ray of 
the amphiume, thence lo the aimilar but trifid.ray of the ptotcus, and through the pro- 
fp^ssivety superadded stnivtures and .pctfeetions of the limhu En bi(f;her reptiles and in 
mammals. If the special homokgy of eath part of the dlverping appendage and its 
supportiDg aieh are reoogaisable from, man to the fish, we cannot dose the mind's eye 
to the pyidenoes ofttat higher law <rf arehetjpal conformity on which the very power 
of trLicing the tower and more ^peeial eoiTespondeQcea depend. 

Biiffon baa well ramarkad, in thabitrodiLCtion to his great work mi Natiirtil Histjny, 
" It ia only by Eomparing that we con judge, and oitt kfloivkdgo tumfl entirely on the 
i-elationalhal toings beat lo tiioue which rcsemhlu them and to thoso which differ from 
them ; so, i(flicceiro*e no animals, the nalure of man would be far more inoompre- 
hunatile Ihaait-is." 

And if this hel»uc, as to man's general nature and powers, it is equally SB with 
regard to lus.aaatmnieal structure. 

In the same spirit oni pbilosopMc poet &lt that— 

e*ct mad pr»tlDi#u» at a •onilroui wlmli."— euUKimmK. | 
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Vertolitated pnim^il't of progrcBsivoly higher grades of atmcturo liave existed a 
auooesBiyE periods of time on thia planet, and fioy were coustructed on & common plni 
with thole liiat itill exiat. 

Some hare cutududi'd, therefore, that tLc cLamcterE of a. gpseies liecHme modifled 
in BUCceaBivo genemtionB, end that it iroa transiouted into a highej' Bpecies ; a rep- 
tile, f.g,, into a, mamuml ; An ape, into a negro. Let us coiuider, thtrefare, liie 
import HCd value of the oBteological diff(acn<!cs between the goriUa— the highest of 
lUl apoa— and man, in refiirrencB to tim " b'liaematation hypothcaii!." The skeluton 
uf na animal may bo modifkd to a certain extsnt hy the oution of the qluscIps. 
tie davelopment of tho ptooaiscB, ridges, end rMata; the Bnatoroiat judges of the m 
uuliLr power of tho indiTidnal to whom a ekelcton under comparison hoa appertsiicd. 
A Tory striking diffei'cnco from the fona of tie humau tiamum r:sult£ £mm iho 
dovdupment of rortnin crusts und tidgas for the alttHdunent of muscles, in the great 
i^ies ; but none of tho moru importaiit difiereuces on whieh the naturalist reliej4 fur 
tho dctoi'minstion of the ^xmua nnd cpecica of tic oranga and ehiiupanzees have suuh 
ui origin ot dependant relation. The grost suparorbilal lidge, t.g., egoinst which the 
&eial Line roi^ in Fig. 50, is not theeonaequenee of museiilor ooticn or developnient : 
it is ehoraetoristic of the genus Tiiigledj/tes hora the time (if birt^ ; and wu have no 
grounds for bulioving it to bo a character to be gained cyr lost through tic oprjation 
external cansea, indueuig partioulnr hahits through isUocossiTO gen<^mtions of a epeci 

Nn tnowu cause of change productive of varieties of mamniBlian speeica eould 
uperate in nlturiag the aize, shape, nr eonnci?tions of the prominent pronaxiUary bones, 
wMeh so remarkably distinguish the gTUR.t Trogltdytit ffari'lln fnm the lowest faces of 
mankind. There is not, in fact, any other ohoraoter than that founded, vpoa the duro- 
lopmeut of hone (or &e attaohmeut of muscles, which is known to be sul^ct to cbange 
throug:h the oporatlon and influunce of (^xtomal cauaos. Nino-l«ntlu oi^ke dtSbraneee 
which have bean cited (see tho " TraasoetitHis of the Zoological Soetoty," VuL iii., 
p-. lis], OB distdngoishing tho great ehimponzec from the hunmn apecies; inust aland in 
contravention of the hyjiotheaiB of transntutntion and progressive dovrfr^nuint, ulitil 
iite Bcoeptors of that hypothesis are enabled to adduce the faets ilemnntFatiTe hfthe 
Mnditkon* of the modiflabEity of such ehaiacters. Motoorcr, as the genadc Jonnsof the 
j^io tribe approach the human type, they are TcpreBcnted by fewer apeclBB. The unily 
of the human ipei^ics is demonstrated by lie constancy of those osteologicBl and dental 
.peculiarities wliich are seen to ho most ihaiactoristic of the ii'nimia in cOBtndistuiotion 
from tho qtiarlyuiiiaiia. 

Man is the solo species of his m'nus {iomoj — the sole it'preseatatilra of his order 
(Jiiinanu) ; hi' has no neBrci: phyaiiol rdarions with the brate Idnd than tiMse. that btlong 
to the ehai'atteis which link together the UDguioulatc division of the inBBmiftlian.ela 

Of the nature uf the cisative acts by whiuh the euoccssive races of " !•"»!' wcraA:aIlcd 
into being, we arc ignorant. But this woknow, that as the evidence of amity; of plan 
teati&H to the nnenrfls of the Creatar, lo the mo^fioatioai of the plan ibrffi&reutmodea 
of existence iUuatratc the benefiecncc of tho Designer, Those stiuetnres) loraeoTei^ whieh 
Mffa at present ineomprebcnaible as aiiaplationa tot, special end, arc made «Wip^BtiB" ' 
lOn a higher principle, and a final purpose is gained in relation to human i^lBjigaPCB ; 
■Ad tho inolannes where the nunlogy of hunumly invented rnaehinee &ilitte QVplain the 
'Itiueture of a divinely created organ, such organ does not exist in vain iKM truer cc 
F-prehcnuon, in relation to the Divino ides, or primK Exemplar, lead rational beings 1 
.better eoncepliunoftieir own orijtin and Creatoi-. KICRA.&D OIISM.. 
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SUBBTAHCK OF TEETH. 



ON THE raiSCIPAL FORMS AND STEDCTUEES OP TITE TEETH. 



At the coinmoncemont of the Trca 
Htatod tiiat "tootli," lite "bone," ■ 
raits n-ith a pre-cxutiog cellular Ih 
joinal table, fti'o uoarly tho 



on the Principal Forms of the SkcleMi, i 
. the reaiUt of ihe combination of certain PBrtly 
of animal matter. The salts, as shown in a sub- 
those in. bone, but enter in a larger proportion in 



Tepth ill 



impoailian of tooth, and. render it a harder body. So composed, teeth are peculiar 
to the back-boned (Tcrtebrate) animals, and are attached to parts of tho mouth, com- 
.0 jaws. Thoj- proaent many varieties as to number, sizn, form, Btruoturc, 
position, and mode of attachment, but arc ptincipallf adapted for soixing, tearing, divid- 
ing, pounding, nr grinding tho food. In some species they are modified to serve as fbr- 
midablc Btapgna of offiincc and defence ; in others, as aids in locomotion, moans of 
anchorage, instruments for uprooting or cutting down tceos, or (or transport and word- 
ing of building matoriRts. They ore characteristic of age and aei ; and in man thoy 
have 'mcondary relations anbservient to beauty and to speech. 

~ re always intimately related to tho food and habits of tho animal, and a 

Iht'icfore highly interesting to tho physiologist : tioy form, 

for ttte same reasun, important guides to the naturalist in the 

classification of animals ; and their value, as loologieel eha- 

ra tera, is cnhanted by the facility with which, from their 

position, they can be examined in living or recent unimgla ; 

whilst the dorabilily of their tissues renders them nut less 

availablo to the paheonthologiat in the detcrminatjon of the 

I I 'V 3^ ^^^^ nature and ofBnitieti of extinct species, of whose organization 

I I .^ -^^^^^^ ^^^ "^ often tiio sole remains discovorablo in tho deposits 

\% fr "fi ^j^^aj of former periods of tha earth's history. 

rhe Buhstanoe of teeth is not so uniform as in hoTic, but 
OS sti commonly of two or inoi'e tissues, eharaeteriKed by 
the proportions of their earthy and animal 
and bv the size, form, and direction of the ci 
inimal basis whith cDutain (he earth, the fluid, or the vas- 
nlar pulp. 

The tissue whioh fbrma the body of the tootli is eulled ; 
dentine" (rfewiunim, Lat,,) Fig. 1, rf. 
The tissue which forms tJie outer crust of the tooth is eolled 
the ecmcnt" (camenlui/i, and eriwte pttnsa, Lat.), ib., c. 

Tho third tissue, 'when present, is situated between the 
dentme and cement, and is called " enamel" (tnrauituni, or j 
adanai, Lat.}, ii., e. \ 

Dentine" eonsists of an organized animal basis disposed i 
n tho form of extremely minute tubes and cells, and of earthy i 
particles ; these particles have a twofold arrangement, being \ 
either blended with the animal matter of tho interspaces : 
1 and parietcs of tho tubes and cells, or contained in a 
minutely granular state in thar cavitioB. The dtnaity | 




[magni fi ed)- 



DEFINITION OF 



TISSUES. 



of the dentmu uriBea prinDipBUy from the proportion of earth in the ftnit of these 
states of combination. The tubea and nella contain, heaidBB the granular enrlh, 
I'olourlosa fluid, probaWj- transuded " plaama," or " liquor siuigiimis," and thus ■■date 
not only to tho mechanical conditions of the taotb, but to the vitility and nutritit 
the dentine. 

In bard or true dentine, the tubes called " dentinal tubes " diverge from the hollow 
of tho tooth, culled " pulp-cavity" (Pig. l),^i, and proceed with a slightly wavy coiuw 
at right angles, or nearly no, to tic outer surface. The hard substance of the tooth ie 
angcd in hollow colnmns, perpendicular to tbo plane of preseurc, and a certain 
elasticity results from their curves : they ai 
*" "■ Hpright whero tho grinding sur&co of the 

crown receivcB the nppulae of the oppOBinR 
tooth, nnd are horizontal where they have li 
mairt the preaaure of contiguouB teeth. In 
'' Fig. 2, a highly magnified view ia given of c 
Fimall portion of human dentine, showing the 
tubuli, dd,\a the tntertubular substanee, 'with 
traces, c c, of the priuiilivo cellular ci 
ittion of that aubstance. For the mode 
which the nucleated ce!l»of the primary buBis 
I of the tooth, called "tooth-pulp," are con- 
verted into dentine, reference may be made 
to tho author's "Odontography" (Introd., 
platea 1 and 2). The tubuli, besides fulfilling 
thn mccbaoical ends above stated, receive the 
plasma transuded fmm the remains of the vaa- 
cular pulp, which circulates, by anastomoainj^ 
lirantbes of the tiibuli and by tho plasmatic i 
nacnlScdt. '-'"^ "^ ^ intertubular substance, through 
tbe dentine, maintaining a sufficient Ihoagh 
languid vitality of the tissac. The delicate nerve-branoltes on the pulp'a surface, some I 
minute production of wiiich nrny penetrate the tubuli, convey sensations of imprcsBions i 
affecting the dentine — sensations of which every one bus eipcricnced tho acatcncM I 
when decay has afTceled the dentine, or when meehanicol or chemical (tinioli have 

A the tooth on edge :" but true " dentine" has no canale large enough to ail 
capillary vessels with the red particles of blood. 

The first modification of dentine is that in which capillary trsets of ibe primitive 
vascular pulp remain uncnlcified, and permanently carry red blood into the eubetance 
Theso so-called "vascular canals" present various dispositions in 
the dentine which they modify, and which modifieatifln is called " vaso-dentinc." 
It is often combined with true dentine in the same tooth, f, ff,, in the large 
incisors of certaiu rodent*, the tusks of the elephant, tho molors of the extinct 
iguuiodon. 

A aeeond modificatiDn of the fundamental tissue of the tooth is where the cellular 
basis ts arranged in eoncontric layers aroimd tho vascular caiu^s, and contains ^' radi- | 
■tod eclls" lilto those of the oaseona tissue ; it is called " ostco-dcntine." The tcan- I 
silion from duutine to vaso-deutine, and from this to osteo-denlioe, is gradoal, and the 
resemblance of osteo-dcntino to true bone is very close. ] 
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CHEMICAL. AND STUUCTURAL COMPOSITIOX OF TEETH. 



"Cement" always closely corresponds in texture with the osseous tassuiB of the 
game animal ; and whoroTcr it ocdbrs of sufficient thickness, as upon the teeth of the 
horse, sloth, or ruminant, it is also transversed, like bone, by vascular canals. In rep- 
tiles and mammals, in which the animal basis of the bones of the skeleton is exottvated 
by minute radiated cells, these arc likcAvise present, of similar size and tcanooy in the 
ecmcnt, and are its chief characteristic as a constituent of the tooth. Tho jdative 
density of the dentine and cement varies according to the proportion of the. earthy 
material, and chiefly of that part which is combined with the animal matter in the 
walls of the cavities, as compared with the size and number of the cavities themselves. 
In the complex grinders of the elephant, the masked boar, and the capybara, the 
cement, which forms nearly half the mass of the tooth, wears down sooner than the 
dentine. 

The "enamel" is the hardest constituent of a tooth, and consequently tiie hardest 
of animal tissues ; but it consists, like the other dental substances, of earthy? matter, 
arranged by organic forces in an animal matrix. . Here, however, tho .earth is 
mainly contained in the canals of the animal membrane, and in mnmniftla and 
reptiles, completely flUs those canals, which are comparatively wide, whilst i their 
parietcs are of extreme tenuity. 

CHEMICAL COMPOSITION OF TEETIL* 
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The examples are extremely few, and, as far as I know, are peculiar to the class 
Places, of calcified teeth, which consist of a single tissue, and this is always a modifica- 
tion of dentine. The large pharyngeal teeth of the wrasse {Zabrus) consist of a very 
hard hind of dentine. 

The next stage of comiilcxity is where a portion of the dentine is modified by vas- 
cular canals. Teeth, thus composed of dentine and vasodentine, are very common in 
fishc!?. 

The hard dentine is always external, and holds the i)lace and performs the office 
of enamel in the teeth of higher animals. The grinding teeth of the dugong, .and the 
conical teeth of the great sperm-whale, are examples of teeth composed of dentine and 
cement, the latter tissue forming a thick external layer. 

In the teeth of the sloth, and its great extinct congener, the megatherium, the hard 

/ • SelnctBr] from the analytic tables qivcn in the author's " Odontographr,'* 4to, vol. i., pp- 

/ /x//..J\jt: (is^n). .:' 




OOMPLES. AND COBPOUKD TKETII. 

iG 14 Induced to a thin layor, and the plupf btilk uf the tooth 
il Ijody uf vaao-dcntiiic, and a thitli citctnal trust of camont. 
llir hurd duntiui' is, uf toursr, the firmest tis^uE of a tooth eo coni- 
pOEcd, HT^cl forma the crast of the brajiaverge ridgei^ of tlio grdnding 
iurlaco, like the caamei pistes iu the elDphiuit'» grinder. 

Tho human tetith, nad Ihoscof the (LunivorDiismiimmulit, apposr 
it first Eight to be composed of don tine und enamel Dnl}- ; butthcic 
irowns uro originally, and tlidr fangs are alwayB, coTored by fl 
thia uout of cement. There U also tuuimuuly u tmull cimtiiil 
'act of oetco-dentinD in old teeth, 
'I'liD teeth, eaUcd Dampoimd or complex, in lajmaalia, differ 
0.': rcganbj their uompoBitiou. from the prccoJing only hy th(- 
difforent propoitioii. and disposition of tho tonBtltucnt tiasuef 
a loogitudinul ecction of the inoimr of a horac ^isthL 
diMitine, c the enimu'I, und c thu cement, a iayfr of which ih 
roflectad into thu deep teirtral (lopreBHon of tic orown ; » miluatpa 
the eoloured mms of tartar and particles of food whieh RMc up the 
ivity, tbrming the " mark " of tho horsc-denler. 

A very complex tooth mny be formed out of two tiasaea hy 
le way iu wliich thcM may he interblended, us the result ot an 
ripnal oDmplei diapoaition of thr? eonatitruDatJ of tlio dental 

Certain Sshes, and n sin^Uar family of gigantic oxtinct 
batroohiaTW, whieh I have railed " Labjiinthodoni^," ■ cihibil, 113 

implies, a remuikable iastance of this Idnd of complexity. Tho tooth appears 
to bo of tho simple conical kind, vitii ihc 
^'B ^ Bitwior BurEico nierply striated longitudi- 

nally; but, on nmltinga tnmwarac ai^ttion, 
0:4 in Fig. i, each strealc^as, B^-faaurc into 
n'Juch the very thin cxtEoridilsTc^bEwiiient. 
f, is reilooted into the hOdyfOf thetootj^ .fol- 
lo^ng the EinmMis vanqgs'tit.tiiB latica>iif 
duntinc, d, vibXeh di«avg« '€>niii.' the BEHbra] 
i pulp cavit}-, 0, TbvahaaeM,MiMee 

ins straight lor RhotOiiaaf kiina, andtiun 
bucoiaoa wo^y, tho WHKi.if^dlyLionraaiiny 
n breadth as tlicy iKttM-tanaike ^er^ibery 
of thn tooth; the fiMttm^ftuBefurfiiHitun- 
dulotions are simple,'thcn''t}ieiTiiantaiir. itself 
becomes broken by SBi^ieT -or •■ seoohdar}- 
ffnves ; these bceomc B*K»ger.«Mhi! fold 
appmaehea the centre of fto toodi, when il 
iaEroascs in tJiiokncsB, und finally tenninnleB 
by a alight dilatation or loop eloaP to the 
pulp-carity, from ahieh tho free moipn of 
the. inflected fold of o'ment is separated by an cxtroroJy thin biycr of dentine. "" 
muobcT of the infleeled converging &lda of dentine is about fifty at the middle of the 
BipU-,"J:in.!n, lai 
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(Towiiof tlic tantli, but is greater at thebnsc. All the inflected fulda of ccmcat, att}ic 
baae of tho tooth, bavo tho samii cotnplicatcd tlispoaitLoa with incrcaacd citcDt ; I 
aa they approach Ihuir tennimttion towards the upper part of the tooth, they also 
gradually diminMi in breadth, and eonaequently penetrate to a less distance into Che 
snbstanee of tho tooth. Ilonce, Ui aileh a Bection as ia dolineatcd (Fig, 4), it will bu 
oliBBTvcd that Bome of the convolulcd folds, as those marked c c, eirtcnd near to the cent 
of the tooth ; athera, as thoHC marked c, reach only about half way to the centre ; ai 
those fidds,('', which, Co use a geological oxpression, are "txopping out," ponetiaCcto 
very short distance into the dentine, and iBEemble, in .their eiteat and simplicity, Ibe 
converging fbldi of cement in the fangs of the tooth of the ichthyosaurus. 

The disposition of 'tho dentine, d, is etill mare complicated than that of the ccmi 
It consists of a slender, central, conical column, excavated, by a conical pulp-CBTitj 
for a oertoin distance from the boac of the tooth ; and this column sends from its circi 
ferenoe, radiating outwards, a sciies of vertical plates, which divide inCo two, oner 
twice, bafijre thty terrainaCe at tho periphery of the tooth. Each of these diverging 
and dichotomising plates givDs -M, through out its course, smaller procesaea, which stand 
at I'ight angles, or nearly ao, to the main plate. They are generally opposite, but sou 
times alternate ] many of the Bceondury plates or proceaaea, which are given off n 
tJic centre of the tooth, also divide into twa before they lerminatu, as at n ; and their 
contour is sctn, in the transverse aeclioa, to partake of all the undulatioas of the 
folds of cement which invest thcni, and divide the dentinal plates and processes from 
each other. 

Another kind of complication in produced by an aggregation of many simple teeth 
into a single mass. 

Tlie examples of these truly compound teeth arc most common in the class of fishes ; 

bat tho illustration here selected is from' the mammalian closa. Each tooth of the Cape 

FlK- 5- ant-eater {pryeteivpus), presents a aimple farm, is deeply 

«f tut in the jaw, but without dividing into fonga ; its broad 

and flat base ia porous, like the section of a common cane. 
^ The canaU tn which Ihcso pores lead, contain processes of a 
^F vascular pulp, mid are the centres of roiliation of as many 
^^L independent series of dentinal tubtlles. Each tooth, in 
^^1 iaut, consists of a congeries of long and slender prismatic 
^^1 denticles of dentine, which are cemented together by 
^^1 their ossified capsules, the columnar denticles slightly de- 
^^1 creasing in diameter, and oecaaionaUy bifiirealing as ihey 
^^H approach the grinding surface of the tooth. Pig. b givcK 
^^K a magnified view of a portion of tho transverse seotion of 
^r^ the fourth molar, showing f, tho cement ; rf, the dentine ; 
r and p, the pulp-cavity of the dentielec. 

In Che elephant the denticles of the compound molars 
aie in the forcn of plates, vertical to the grinding surikcc 
'"^^^^^^mOrMtmma' "^ '""'^ transvcrso to the long diameter of the tooth. When 
[mngolBedl. the tooth ia bisected vertically and lengthwise, tho three 

subatancos, d, dentine, ii, enamel, and e, cement, are seen interblcnded, as in Fig. B, 
in whieh d is the common pulp-cavity, and r one of the roots of this complex tooth. 

ime of the prominent featuros of a field of obsEnration which Comparative 
< oat to our view — such the varied nature, and such the gradation of 
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i.Tifal tissiTEB, wMci, lip to Docember, 1830, eontinuod, ootwHli- 

E. atanding sucvcasii'c a|jprox!iuatiaii9 to tlip trutb, 

~ to be doscribod, in ajstumatio ii-DrkB, ub a 

"phanproB," or " a dead part or product, ei- 

halcd from tbp surfaro of a fonuativo bulb !"• 

Dental System of Fishes.—The tecCb 
(if fklicB, whetbw wo study tbiim. in rpgarf to 
their number, form, substance, stnioture, ttitua- 
tion, or mode of nttacbmcnt, offer a greater and 
more striking Ecrics of vsrictiM than dn those 

As to number, tbey range from zero to oount- 
le^s ijuantitics. The lam^elet, thi? ammocplo, the 
sturgeon, Iho paddb-fiah, and the whole order 
of IriphohrBnchi}, ace edentuloua. The mTiinoids 
have a single pointed tooth on the roof of the 
month, and two Bermted denial plates on the 
tongue. The tench has a single grinding tonth 
on the occiput, opposed to two dent^erous 
phaiyngcal jaws below. In the lepidoairen a. 
aingls raaiillarj dental plato is opposed to a 
Hinglo mondibntsr one, oiid there am two biuqII 
dcaticlea on the nasal bono. In tho oitinet 
sharks irith crushing ti?eth, oalled ceralodta and 
Brmwt with four tuetli, two above am! two below. In the 




en, (wn mandibular teeth are opposed to four mamillary teeth. From lliis low point 

d>r, DewnilntlOtli. .. 
member oF thsl bulr. 



member 0[ thstboilr, my '• Theory of I 
GDiiTKitlan o[ (be oells pC tbc palp." 



rcpBion of AJf election oa corrflBpHLdtTift 
entlDS by nnlripetsi i»l.i<&a»m ai'i!> 
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the. nnnilW' in difficult Bailee iBprogremiTclj- nrnltiplied, imliUnlJio pike (Fig, 7)i the 
ailomidl, lulil mnny othnc AsIigb, the mautli bccomcii crowdtil with uountlc^ toctti. 

Witi rcwpeot to fbnn, it may lie praniiaed tlint, as Ofganuod baioga witbdrm 
tbemBdyes noic and marc, in their ascent ia the gcnle of life, b<)m the inSnern'o nf Ui 
gciural polarizing^fbrcoa, TOtbeir parts prDgroBBivclfdB^'kitcfi'oiii.f^asiiiettiol fi|^iuv6 
itiaooly, tlierotbre, in the Iowbs* VBrtobiErtod rlasi 4h»lTr« find tL'Clh.iirtfiiJ.fomi of 
perfect cnhea, and of prismB or plat£9 viith Qirci' aides (as.in inij/lel^]. fiitir NileiJ^aiin 
iMnn), five or 911 aidta (aa in myHabnte; Fig. 8). THinQEeJa the mart unnmBnifijon 
ia fishes; mab''teGlb iii»7 1)U«leudeiT gharp- 
point«d, and (n iniimti!, uDmonni*^ aaittloacly 
ag^gat^ svlctJvaDiiiliilj the phiih or pile of 
Telvet. Tliiie-'are- callad " fillilanii' toeih" 
{ifmlen-i!l<fifKm,-'Lii.; dmla jk ■fc/Mii'», Fr.) 
I All thu icetb '.of the 'puroh are of thiH.tiod. 
WliOA the tpctfa- Bia cipi^y: Ssuti imd nmnc- 
.y) rfMis, but longer, these «i'e cidJed '■ ciliabmi'' 
{dcKla tSiifomits) ', when the tectii arentimibi- 
V but Iralhor atrongar thau ^IhtBC. ' they are 
uallod"aHtifonn-' {rt>mlaKltfMim(l.»t.\ dti.ti 
en inuse, Fr.) ! tliB-tiiefliJa.'thB'iijiiw .jnw 
ofthopike (Fig. 7) usof thisikiU.- Comunl 
tuetli, aselusc-aetandsharp-painteri m thevil- 
lifwm tusth, bat oflmgur size, are ciidlcd "rosp-tcpth" {dcniea radulifoiinfi, IM.; deiiLi 
urdet, ¥i.) : the pike presanls sueh teeth on the hark part of the vomer, 
Thet<%th of thu shemt-fislt {Silwui fflaiiin) prcaent nil the gradations botweoil the yillifom 
and raduliform types. IHetiform teeth arceonuiion in llic fishes thencu ealledCiuBtodunla ; 
n the genus Citliariiuc the; bifureute at their free citrcmitiGS ; ia-jths^g^MB Flstax 
they end there in three diverging poiutG, e. ud the cone here nungniiitto the long uid 
slender cylinder. Sometimes . the coaa ia-cdBpnuaed into a alendixtiiGnchant blade : 
and this may bo pointt-d aaA^ecarrei, ss in lho«i «)■(»»•■; or baibad^ ia Irk/iiurve 
aai some other 8coiaheixii&)- or . it may bo -best upgn itself, lilnA tenter-hook, ae in 
the flehca thence calMJ ■ O m i i d bu tt^ In.<lhe boBit« may be ptunvcd a progrcaaiyc 
thiekening of the baaeiUCfliB'CDtUBi^teelh ; andibis being camlsQed in other predutoiy 
SahcB with iniKcased Bice aai Tecnncd direction, they then. reeembk thv laniary or 
conina^eGth of )!aniivaro\is qundnipuds, a^ve see in the kigc tenth of ths pike (Fig. 7), 
he kiidmi% and-in eertnis shadu. 

TIA' Botocior direrging grappbug teetli «f 41i>i woU-fisb (F[g.;9), ^ foim stronger 
ca ; pnd by progrcsnvD bluntiitg,-flattciini^, and cipaamac of the < npcn,- ulMCtvable 
liiTenmCMieri, tlie cone gmdAuUly changei to the thinlc and ihait cyliodctr, surlt hi 
len in (jtenbaek teeth of fiin wo)f-jish, vi, and iusimilor ^Tinding and cinishin]- t(>ethtiii 
other genDra,iiJielJi3Bthi> fi^tes ba tenders ou tea-wtBia, or on t:Ri!l:u[.'iioii%and lioilacai 
animals. Tfie grisdinB mcface of these sbolii EyUndrical. tueth laay ba • am ttom , '-t» 
the ahocp'u-head fifl (Satymi) i or .flattaaeAjlag in -the pb«TyngaBi>t«fir'nf the ina 
(loirua). Sometime.^ the hoaiispheric teeth tiv so niinieroiis, nnd sprcitd over an broad 
a Eurihce, as tn resemble a pavement, lu^ in the pharyngeal bones of the wrasFe ; or (hey 
may be lo small, as well as oomemnB, aa ta give a granulated surfaoe to the part of the 
mouth to which they are Sittached, when, they are called, in iehdiyology, i£( 
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A progTDSsive increase of the transverse over the vertical diameter maybe traced in 
tlie molat teeth of different fishes, and sometimes in those of the same individual, as in 
labrus, until the cylindrical form is exchanged for that of the depressed plate. Such 
dental platccc {denies lameUiforims) may bo formed not only ciroidar, but elliptical, oval, 
semilunar,' sigmx)id, oblong, or even square, hexagonal, pentagonal, or triangular ;• and 
the grinding surface may present various and beautiful kinds of sculpturing. The 
broadest and thinnest lamoUifbrm teeth are those that form the complex grinding 
tubercle of the diodon. 

In the shai'ks and rays the teeth are supported by the upper and lower jaws, as in 
most quadrupeds; but many other fishes have teeth growing from the roof of the 
mouth, from the surface of the tongue, fram the bony hoops or arches supporting th;) 
gills, ajjid some hero them developed frost' the bone of the nose and the base of the 
skull. In th^jcaxp and tench the teeth are confined to this latter unusual position, and 
to a pgjir ofrbdnesj called " pharyngeal," which circumacribs^thc back outlet of the 
moiriii.'v 

Fisbei. exhibit, moreover, a greater range of varfsto^iaithlRjnode of attachment of 
the tetoihlihikii.any other class of aozBuds. In.- -tltet 8hiBtoi^^«TW>* the singular fish called 
th»' **«Qgle3r,-' the teeth ar<» mafoohle, their bibKbein|^thlii'iy ligaments to the jaw. 
In thse-anglor the ligaments arerBodnserted tliab4hi(^y-da«iLafli|>Gnmt the teeth ta bo bent 
outwards boyoodthevortie^ pookion, but yieidiito> -pinsBBiire in the contrary direction, 
by which the^oint of thoitootkiuay be diitntedttcnrards the back of the mouth ; the 
instant, hofwo^sr, that th# preasanr-is r eiailtod j^tJiiiitooth returns thi-ough the elasticity 
of the bent ligamcsts, as by tfal^ action>o£;-a 8pa^i% to its usual erect position; the 
degiatition of the prey of this TOTacious.^^iB thus fixcilitated, mid its escape prevented. 
The broad and generally bifurcate bony base of the teeth of shaiks is attached by liga- 
ments to the semi-ossified crust of the cartilaginous jaws ; but they have no power of 
erecting or depressing the teeth at will. 

Th6 teeth of the sphyrama are examples of the ordinary implantation in sockets, 
wi&.tho adiUtion of a alight anchylosis of the base of the ftdly-formcd tooth with the 
alareolar walls ; and th© .compressed rostral teeth of the saw-fish are deeply jmplantod 
in socketa;- the hind margin of their base is grooved, and a corresponding xidge fr6m 
the back part of the soekdt fits into the groove, and gives additional-, fixation •taithe 
tooth. 

The singular and poweTfally dervelofped xlental^ system of the wolf-^h i^J^nitrrhicas 
lupusj Wi^J^yMKhem a subject of interest to many anatomistojv M^bl^^iof^^he teeth 
art' pijwftffitfbmshers^ gome paBsentttba laniaiy ^typ^ wj^'itteiapapcs more or less 
recurved and blunted by nae,> and'aoBasitift itotag cones, spread abroad, like grappling 
hooks, at the anterior part of the mouth, t, t. 

The premaxillary teeth, 22, «, are all conical, and an'anged in two rows ; there are two, 
ihrce, or four in the exterior row, at the mesial half of the bone, which are the largest ; 
and from six to. eight smaller teeth are irregularly arranged behind. There are three 
large, strong, diverging laniaries at the anterior end of each premandibular bone, and 
immediately b^iind these an irregular nimibcr of shorter and smaller x^onical teeth, 
which gradually exchange this form for that of large obtuse tubercles, w, m ; these extend 
backwairds, in a double alternate series, along a great part of the alveolar border of the 
bono, and are terminated by two or three smaller teeth in a single row, the last of 
which again presents the conical form. Each palatine bone, 20, supports a double row of 
teeth, the outer ones being conical and straight, and from four to six in nmab«x\ <S&& ^ 



2"3 TIBSCE or TOOTH IN FISHES, 

iiiticr oncfl two, three, nr four in miiubcr, nnd tubcrculatp. The lower Bnrfaco of the 
TooiDr, 13, is coTcrcd lif a double irregularly nltf mate scritin of the same kind of large 
tuberiulutc crusliing toctb. as thoao at tba middle of the prumandibulu bono. Thus 
the inbida of tbo mouth appears to be pD.vad with tdcth, by mciina of which tho wolf-flab 
oan break in pieces the uliellB of whelks oad lobsters, and eficctaally discngngo tho 
nlltritiaus snimal parts from them. All tho teeth ore amhylostid to mora or .' 
doTcloppd alvcolm' omiuenoca of hones. From the ennruioia power of the niusclei" of 
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tho jawa, and the strength of the shcUs which are crackeii and erushed by t!n> Ipctii, 
' their Inieture and displaeemont must bbrioutil^ bo no uufreqnent oeemrcnoe ; and most 
' upecimens of the jawa of the wnlf-flsh eihibit some of the t*cth either Boparated at tliia 
I line of imperfect anohjloain, or, more rarrly, detached hy fracture of tho supporting 
' ot'dociu alveolar process. 

Thus, with refbronco to the main and fundamental tissue of touth, vr Qnd not fewiM' 
thnn .lix Imding modiflcationB in fishes. 

Hard or true dentine — Bparoida, iabroids, lophiuB, balistos, pyenodonts, prionodon, 
jp-itja-q^ megalichtbys, rbhodes, diodon, leama; 
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ttt'iuidus, hybodug, percoida, 



^iaiDoida, oottolds, galjioids, eimrka, and muiy otbcrs ; 

VosodonttnG— Paammodus, chimairoids, pristin, myliabc 

I'Uuidentine— Lophiiu, holoptjcliiiis, bothriolepis ; nac 

Dcndrodcntiou— Dondrodus; 

Btii^ides tha rompouad teoth uf the Hc^arua nnd diodon. 

I tnc structural moilificatinn niay prevail in some teeth, another in other ICGlli, of ibe 
me fiah ; and two or mura modiflcatioas taay he present in the same tooth, arising 
from ehan^ai in the pcoeetia of coloification and a persieteiKiy uf portions or proecaws of 
Che primitivo vaeeular pulp or matrix of tho dentine. 

The dense eovering of tho heak-lilc jaws of the pan-ot-fishea (Sean) HmaistB of a 
Tatum of pridmatic denticles, standing atmoet vertically tn tlie external aurfaoe of the 
jaw bone ; this peculiar armature of the jaiira ia adapted to the habits and cziganciee of 
a tribe uf BAos -whieh browse upon the lithophytca that clotho, as with richly tintod 
carpet, the bottom of the aea, just as the ruminant quadrupeds erop the herbage of the 
dry land. 

Tho irritable bodies of tho gelatinous polypca which tonstitHte the food of theee 
fishes' TotnaLt, when touelied, into their star-ahapvd atony ahelk, nnd the «i 
aequently require a dental apparatus strong enough to broak off or sCMrp out thtae 
calcareous recesses. TUe jaws are, therefore, prominent, short, and stout, and thi' 
oxposiHl portions of tho premaiilLmea and pn;maadibular9 are incasiid by a complivatul 
dental covorinj;. The polypes and their cetls are reduced to a pulp by the action of the 
pharyngeal jaws and teeth llul close the posterior aperture of the mouth. 

There is a close analogy between the denial moss of tbe scarus and the cam plicated 
grinders of tho elephant, both in fiirm, structure, and in the reproduetiea uf the i 
ponent denticles in boriiontsl suceession. But in the fish, tho .oomploKity of 
triturating surfaoe is greati'r than in the naammal, since, from the mode in which the 
wodgc-shaped denticles of the s<^rus aru implanted upon, and anchyluscd t 
procesaoi ot ^m supporting bone, this likewise enters into the formation of the grinding 
I mirfoeo when the tooth is worn down to a certain point. 

The proof of tho offinuy of the oomploi: mastitatory apparatus above described, is 
afforded by tlic contents of the alimentary eanol of the scari. Mr. rhnrlee Darwin, 
the aecomplialied natiu^dist an<l geologist, who accompanied Captain Fitzroy, B,.N., :' 
the circummivigatory voyage of the "Bea^e," dissected several parrot-fishes sc 
they wore vought, and found the intesljues laden wiUi nearly pure ehalfc, such being 
tho nature of their excrements ; whence he ranks these Ushea among tlic geological 
agents to wbich is assigned the office of conTcrting the skeletons of the lithophytc 
into chalk. 

The most fiimiidubtc dentition exhibited in the order of osseous fishes is that which 
characteri^os the sphynona, and sfirae eitinot flahaa atlicd to this predatory genus, 
the great barrauuda uf the aoulhein shores of the United States {Sp/ii^ana iarracada, 
Cut.) tho kiwcr jaw contsina a single row of large, compressed, conical, sharp'poioted, 
and sharp-edged teeth, roeeubling the blades of lancets, but stronger at the base ; 
tvrt siitvrtor of these teeth aro twice as looi; as tho rest, but the posteri 
teeth gradually increase iu size towards the haeic port of the jaw; tliD 
Iwcnty-foor of these piening and cutting t«eth in each prcniandibular bone. They 
are opposed to a donbic row of similar teeth in the upper jaw, and fit into the interspace 
•>f them two rows when tho mouth is closed. The outermost row is situated. «ti. ^m. 
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iWCTmajillftrj, the innflFniDst tia the pulatinc bonps ; tUore sro no taelli u 
or superior ma^rillary lionca. Tho two onteiiortcutii in cac2i prcaiuSillarylMuio equal 
tlie opposite pair in the loiror jaw in give ; tUo poaterior teeth are aeriiil, numeroui 
of small size : the second of the two antelioT large pronHudlkry ti>eth m plucd o: 
inntrr side of the cammenecment of the ran- of Emiill teeth, nnil in alittlo inolinod 
hackwnrds. Tho retaining power of nil the large anloriOT teelh is increased hy a dight 
paatorioT projestioii, eimjlar to the barh of a flsh-hoolc, bntsmallor. The palatine bones 
eontun uaeh nine or ten Innuel-shlped tootii, BomowLat larger than the posterior ones 
of the lower JRW. AU these teeth afford good examples of the mode of attaohniDnt l>y 
implautDtien in Dockets, whieh has bean dcniod tu exist in fiahea. 

Thn loss or injury to which these dertrnotiTe weapons sie liable, in the eonHkl 
vhioh the sphynena wages with its living and atimg^ling V^Ti '^ ropaired by an un- 
intorrapiccl saocession of new palps and teeth. The eristoncw of these is indicntod by 
tiip foramina, which are sitaotud itnmediatoly posterior to, or on the iimer margin of, 
the sockots of the teeth in place; tiiose foramina li;ad to al\'euli of nson'e, in whieh 
the crowns of the new teeth in different stages of development aro loosely imbedded. 
It is in this position of the germs of the teeth that the Bphynenoid Sahea, botb leeeiit 
and fosail, mainly diSttr, as la Iheir dental cbaiaoters, fiam thp rest of the soomberoid 
family, and proportionally approach the rauroid type. 

Id all fbhca the toeth are shed and renetred, nut onee only, as ii 
freqnenfly during the whoh.> oourso of their livefl. The niiprillary doatol plates 
Ivpidoiiren, the eyKodrical dental mnssoa of the ehioueroid and cdnphodont fighes, and 
the roBtroI teeth of the eaw-fldh (if these modified dermal spines may be so callod) aie, 
perhaps, the sole examples of "permunont teeth" to he met with in the whole class. 
In the great majority of fishes, the germs of the new teeth are deTcloped like those of 
Qie old, from the free ai^bee of the biwcol memhmiie thconghout the entire pariod of 
Bveeesaion ; d eiitmmstaneo peculiar to the ^n-eseut class. The angler, tho pike, and 
must of our common fishes, illustrate this nioiie of dental rcprodneti 
ipicuous in the cartilagiiionE fishes (Fig. 8, t.-g,), in whieh the whole phalanx of their 
numorouH teeth is ever marching slowly forwards in rotatory profcrcBS over tho aWeolar 
horder of the jaw, the tenth boing suceessivelj oast off as they reafJi the outer roarfrin, 
and new teeth risiag fi-oni tiiainucoiiB mcmhrsne buhind the rear rank nf the phalanx. 

This mdlees aueeeieien and deoadoncD of the teeth, togethn with the Tastnumhcr 
in which they often cu-eii'it in tho same flab, illnstrate tho law of "TCg«tetiTe 
tative iGpi>titiDn," as it manifesta itself on the first intrnduedon of now argai 
animnl kingd'im, ander whieh light w(i must Tiew the ahovo-djwrihsd orgsniaod and 
ealciSed prejiaratoiy instruments of digestion in the lowest class of tho vertebmte 

SoBtal STStcm of ReptllMi. — In the class reptilia. an entire ordur {OhIoiim), 
including the tortoisee, t^rrapencs, and turtles, ore devoid of looth ; but the jawa in 
t^ieee ednntnloBa rqililea are covered by a Hhcath of horn, whieh in some species i^ of 
eon«iiioralllB thieknesa and density; its working sutfhoo ia trenehant in tho camiTorouE 
qwmes, but is variously ssulptured and adapted tor both cutting and hruiaing in the 
vegstablo feeders. No spceies of toad possesses teeth; neither have the jitws the com- 
ponaatory covering above desOTihed in tho ehelonians. Frogs have tfolh 
but not in the lower jaw. Nowts and sulnniandiTS have tpoth in both jaws, and also 
upon the palate ; and teoth arc fennd in thi: latter situation as well as on tlio jaws is 
the igvojia lizard, la most other liaiirds and in uroDodiles the 
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toBtb. arc confiaed to Ulq jaws \ in ihe farmer thiy are comeutcd or ancbyloscd to the 
B tbo Jattre they Bie implmtBd in smkcta. 

I existing lizards ediibit mauj modifi cation.s in the finrn of tlui teeth. Hoooiidiiig to 
im of ike IboiL Th^ art- poiatud vith sharp tutti&g sdgtia in ilie great cana- 
MOiiitor ( Varania), and are obtuse and rounded likp paving-stimMi in tho hprbi- 
OT iai:ced iiiBdiiig Bcinln, cnllnd, on account of ^ ebnpc of tho teoth, t^/ihAh. 
'the gigantic esttnot liinda shDWDd siniilar modifiuation.i of tbair teeth. The mogar 
l.nauriifl had teeth which combined th.5 propcrtici of thp knife, the 8al»p, and tile saw 
' [fig. 10). ^VliBD fint protruded above ths giim, the ope?: id' the toD& iireaantod a 
' double cutting td^ of BCrmtcd mamcl ; its position Fig 10 

Bod line of action wen nearlj' Tcrtical, and its form 
U][e llutt ^Che tnro-edged sword, outtingequallfocoaoh 
side. A.i the tooth advanced in gron-th it became ourved 
JiBt'kwatds in tho form of a pruning-liDifo, and the edgi 
rif (wrrated uoanud wis .continm^d domiwarils to the 

' r Ibii iMii II II iiiifliilHlii|i liiTi II r I III [iiiilli . irhiLsI 

I'll tiw «Ah inde a umihr edjtv irhiianaid but a abort 
diatKBse from the pulivt, and the r.otivex part of the tuodi 
beoaiaD bihint and thiok, lu -t^e back of a knifi: is isade 
tlaAfarflmMttpBaaafjwdmdne strength. In atnott 
thus fonaad fur cuttii^ iloBg ^ UQjwui-c edge, each 
nioTBmeitt Mttlir jaw ooiabuwd Ibejiowtcof the iiak\ 
und tho mw. The bapkward cnmtiKa <)t the foil- 
grown teeft enables Stem to ratun, 1^ biirb^ tho 
pro V which thej luul penetrated. 

In tho iguanodon — the gigantiocontcnipornryoftbe 
H«.I1. wcgilosauniH— theerown 

of tho teeth (Fig. 11) was 
to shaped, tbat ailer the 
ai>c3 became «ram down, A ^ 
it {itoacoted b broad and 
naut^ horizontsl sniGice, 

capceing dental substoaoes of Itiar difftrect de^es 
density,— via,, a ridge of enamol along the outer bOTiler 
of the erown ; a Iiiy?r of hard or iravDaeidar denjane 
scat to tliis ; a btj^er of soitcr vasaular dentine foira- 
iog the isms half of the crown; and a portion of flmi 
i-d£^ntine in the middhi of the grinding aur6»cp, fonoed 
I bj' tho osaificd remnant of the tooA-pulp. Tbo series 
iniplox locth. BO aonatmctod, aeema to hare been ad^ 
miraldy adnpled to the crowing and Dommnatian of 
aoih tough v^pAable Giod as the datlu-arur and siaubir 
ejtUMt plants, tbo fcasil rtmaina of wWeh i 
' found buried with those of the iguanodon. No oiiiting , 
riqitiln now jircsents so complieated a atrocture of the Moth 
in ToJiOioa to VPgotabJc food. The stiiU more coniploi, aad indeed maiTcUous 
■trnttimi sf the teeth of Ho extinct gignatlc lizsrd-like toad, called labt/rinthoihn, 
hm been nlrcaily nnlii'cd (Fig. i, p-HlG^). But. prabipB, tho iodsI nngiilBi 4ndii^ \ 
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found in t)ic nncidit membera of the class Rcptilie, is that preBenteci 
by certain Kpetics of ftissil found in South Afiiea, and probaHy fram a geological for- 
mation nearly as old as our coal strata. I have called tliem " Dicjuodonts," from 
tlieir dentition bping reduced to one long and loi^ canine tooth on each aide of tic 
upper jaw. As these teeth give, at firEt sight, a. oharaetcr to the javrs like that vhich 
the long poieon-fengs give, when erectei, to the jaws of flie latllcsnakc, I shall 
briefly notice their characters before entering upon the description of the more normal 
saurian dentition. 

Fig. 12 gives a reduced side iiew of the skull iind teeth of the Dleynodou laetr- 

Tho mamillary bono, 21, is excavated by a md and deep ilv olua with a eircjlo 
area of half an inch, and lodges a long and strong lightly enjvcd and sharp pomted 
canine tooth or tusk, which projects 
about two-lhitds of its lungth from 
the open eitrcmity of the aociet. 
The direction of the tiisks is for- 
wards, downwards, and very slightly 
inwards ; tlifl two converging in the 
descent along the outer side of the 
compresecd isjmphysis of the lower 
jaw, e f. The task is principaUy com- 
posed of a body of compact nnvasou- 
lar rlentine. The baao is cicavatod 
by a wide corneal pulp-cavity, p, 
with the apex citfnding to about 
one-half of the implanted part of the 
tusk, and a linear continuation extending along the 
tiisk. 

Until the discovery of the rhynchosaimis, this edentulous and horn-sheathed oondi- 
tion of the jaws wax supposed to be peculiar to the ciielonian order among reptilos ', and 
it is not one of tlie least interciiting features of the dicynodenls of the African stmd- 
stonca, that they should repeat a chelonian character hitherto peculiar amongst laeertian-i, 
to the abovo-oitod romatltable oitinctcdeutulouagonusofthcnowrod sandstone of Shrop- 
sbirc ; but our interest rises almost to astonishment, when in a saurian ekuU we find, 
Buparadded to the hom-olad mandibles of the tortoise, a pair of tuska, borrowed, as it 
were, from the mammalian class, or rather foreshadowing a structure which, in the 
existing creation, is peculiar to certain members of the highest organized warm- 
blooded ammak. 

In the other reptilia, recent or eitinet, which most nearly approach the mammalia 
in the etniotiirc of their |j!eth, the difibrcnce characteristic of the infcrinr and cold- 
blnodsd class is manifested in the shape, and in the system of shedding and succession 
of the teeth; the base of the implanted teeth acldom becomes oouBolidatcd, never con- 
tracted to a point, as in the fangs of the eimplo teeth of mammalia, and at all periods 
of growth one or more genus of teoth arc formed within or near the base of the tooth in 
use, prepared to succeed it, and progreBsing towards its displacement. The dental 
armature of the jaws ia kept in eerviceabla order by uninterrupted change and succes- 
sion ; but the forming organ of the individual tooth is soon ejdiaustod, and the life of 
the tooth itself may bo said to be comparatiTely short. 
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IB of thL' ['onicul, slmrp-poiiitcd, and tvo-edged tcetli of tlio Rangetii: crocadile, 
uallod "garrhia!" by tho Hindoos, be eitroct^d, its base will be foond hollow, and 
partly absorbed or eaton away, as at a, Fig. 13 ; and within tbo cavity will lie seeti the 
half-formed succeeding tooth, t ; at the base of which may probably be 
found the beginning or germ, c, of tho successor of that tooth; all the tpolh 
n the erucodile tribe being pushed out and replaced in the Tertical diieetion 
by new teeth, as long as they live. Tho individual teeth ir 
tba oninul grows; but the number of teet^ nmiaina thi 
, period when the erucodilo quits tho egg to the attaimucnt 

i a\ic. No sooner has the young toolb penetrated the interior of the old 
;, than •nother germ begins to be developed from tho angle betiFoen tho 
le of tho j'oung tooth and tha inner alveolar process, oi 



relative position as Ihst in which 
immediiitc predeecssor began 



wioD and displacement are ear- 
id on, uninterruptedly, through- 
t the long Ufo of those cold- 
louiii, ,r,iH oifi«.^uP^«^r™wrM.F.^ot' ™e DAitmni. Moodcd eamivorouB reptiles." The 
fasdil jaws of the extinct crooo- 
I dili-5 demoaatnito that the aaine law regtiloted the auoceBsion of the teeth at the 
anelent epouha when they prevailed in greatest numbers, and under the most varied 
specifie modifleadona, as at the present day, when they are reducfid to a single 

The most complex eondilion of the dental system in the reptile class is that which 

is pTPSpnU'd by the poisonous serpents, in which ceiiaiu tooth are assoeiatiHl with the 

tube or duct of a poison-bag and gland. 

These teeth, called "poison-tangs," are confined to those bones of the upper jaw 
I called " moiUlBry," and ore usually single, or, when mwc, ono only is connected with 
I the poison-apparatus, and lie others arc eillcr simple teeth, or preparing to take the 
I pUee of tho poison-fang. Fig. H. 

1 To give an idea cj the struetore of this tooth, we may suppose a 
I simple slender tootli, like that of a boo-conBtrictor, to bo flattened, and 

its edges then bent towards each other and soldered together so n» to 
I fiinn a tube, open at both ends, and inclosing the end of the poison-duet. 

Such a tooth is rcpieaentcd at Fig. 14, where A is the oblique opening 
I penetrated by the duet, and i- tho narrower fissure by which the venom 

The diiet which conveys tho poison, altlough it runs through the 
centre of the tooth, is really on the outside of the tooth. The beading- 
of the dcniina about it hi^;ins a little beyond the base of the tooth, 
I where the poison-duet rests in a slight groove or longitudinal inden- 
tation on the convei side of the fang; as it proceeds it sinks deeper 
into the gubstauDO of the t<>otb, and the sides of the groove meet and 
seem to eoalesee. so that the trace qf tho inflected fold ceases, in some 
speeies, to be perceptible to the naked eye ; and tho firag appears, as it is 
commonly doscribcd, to bo perforated by the duct of the poison-gland. 
In the viper the lino of union may bo seen as marked at u, Fi?,. W". 
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SKDLL or A 1JATTLK3NAKK 

[Crotalas horridua). 




SECTION OP A 
I'OISOn-VANG — 
KATTLfcSNAKE. 



a, tooth is carefully divided lengthwise, as in Fig. 15, the true pnlp-cavity in the sub- 
stance X)f tiie tooth is seen, as at j» jp, to terminate in a point ; and tile Fig. 15. 
poison-canal, as at e^ ^, to run along the forepart of tiie singularly 
modiflod tooth. This tooth is soldered to the maxillary bone 
(Fig. 16), which rotates so as to keep the tooth laid flat in the 
month- at ordinary times, and to erect it when the deadly blow is 
aliout to be struck. The head of the snake is raised, drawn back, and 
the fangs, erect, and exi)osed by the widely open mouth, are struck, by 
the force of the powerful muscles of the head and nock, into the sm-- 
Fiff. 16. face aimed at, the poison-bags at the 

same moment are squeezed, and their 
contents driycn through the canal 
in the tooth into the wound. And 
horc may be noticed the advantage of 
having the solid point of the tootli 
prolonged beyond the outlet of the 
poison canal and not weakened by its 
continuation to the apex. 
Dental System .of SSaxKimals. — The class Mammalia^ like 
those of Itepttlia and Fisces, includes a few genera and species that 
are devoid of teeth ; the true ant-eaters {mf/rniccophaz/a)^ the scaly ant-eaters or pan- 
golins (w/rww), and the spiny monotrematous ant-cat^r {echidna)^ are examples of 
strictly edentulous mammals. The omithorhynchus has homy teeth, and the whales 
{balana and balccnoptcra) have transitory embryonic calcified teeth, succeeded by 
whalebone substitutes in the upper jaw. 

The female narwhal seems to be edentulous, but has the germs of two tusks in the 
substance of the upper jaw-bones ; one of these becomes developed into a large and 
conspicuous weapon in the male narwhal, whence the name of its genus, of monodon, 
meaning single tooth. In another cetacean, the groat bottle-nose or hyperoodon, the 
teeth are reduced in the adult to two in. number, whence the specific name H. bidcnsy 
but they arc confined to the lower jaw. 

The elephant has never more than one entire molar, or parts of two, in use on each 
side of tile upper and lower jaws ; to which are added two tusks, more or less developed, 
in the upper jaw. 

dome rodents, as the Australian water-rats {Bydromys)^ have two grinders on each 
si^ of botli jaws ; which, added to the four cutting teeth in front, make twelve in all ; 
the common number of teeth in this order is twenty, but the hares and rabbits have 
tiifenty-cight each. 

. TChe sloth has eighteen teeth. The number of teeth, thirty-two, which charac- 
tcHaes man, the ax>es of the old world, and the true ruminants, is the average one of tlie 
class mammalia ; but die typical number is forty-four. 

The examples of excessive number of teeth are presented, in the order Bruta, by the 
priodont armadillo, which has ninety-eight teeth; and in the cetaceous order by the 
cachalot, wiiich has upwards of sixty teetifi, though most of them are confined to the 
lower jaw; by the common porpoise, which has between eighty and ninety tocth ; by 
the Gangetic dolphin, which has one hundred and twenty teeth ; and by I3ie true 
dolphins {dr!phinm)y which have from one hundred to one himdred and nmoty teeth, 
j^Mf^ng tire maximum mmbeir in the class MiannnBlia. 
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leiTJeoieesboTBiited, they 



I'oBM. — WTiETD Iho Ifflitli am in GMeBsivE nnmhor, as in 
■e aumll, cqunl, or sub-oqiial, and iiaiially of a eimple con: 

In nuwt other mRmm^a parUmiliir tDttli faava epooiil fonus fur BpCirial usca: 
thp front teeth, froni Ijping ufoniHDDly ndaptod to offacl tbe tot coarwi diyisioa of the 
food, hsTe-been called cnltcra or incisors ; and tlio back tei.'di, trhicheoinpletejtsac 

I, grindGTs or inolan ; huge conical tfeth aituMfd botiind tii^ iodnors, and ad^itcd 
by being nettrer the inscitiun af the biting tiiuNki^ to Kt with gnator force, axu onlled 
huMM^, toanm, Ismoriea, or mopc commonlj' eanine teoth, {kim btiin); vdl dtvulopiid 
in tbp (log and other CMTrivora. 

Miliar (eeth, wbicb. are adapted fbr masticatioB, hara either tnbcinulatn, n 
orscly rii^pKl, OT flat Buminils, and uanally an ailhor eurroimded by a ridge of 
r nre troTcrscd by aimilar riilgca nrranged in various pattams. 

The hir^ molars of tlic i^siijrbare and elephant bava Ac criRFn eleft into i 
JOB Boriea oTdomproBseil tranattraoiilalcB, wmentBil tijei;tIi«Bida by side. 

The tboA of the mammalia have usuftUy to nntch mors ilddiite and caDi]ilex a. fuim 
Aan dross of fiahea and n^ljies, that throe pprte ura rKogniscd in thdin — vix., ihe 
" feng," ttic "ncei," and the "prown." The fang or root (ivirfsr) in the inserted part ; 
tho crown {cnrniia) the exposed part ; and the eonstriotion irhiuk iHridea these in called 
the ne<* (mi-te). 

FixATRKi, — It ^ poeultar to tile cIhbb intunmaliatohaTctueth implanted in sodiets 
by two or more fiuigs; but this caii only happan to teeth-uf limited growtii, and j^nomlly 
ohaTactcrizea the niokra and promolora ; pat^ietoiilly growing toctli tcqnire tho b»e to 
be kept Bimple and widdy eicavaMd ibr the ]>Bni8tent pnlp. lJQ<Da mamiftronc animil 
dOea anchyUifls of ^<«tootbwi& tiie jlv colutiCuts a nolmnl mode of attotduneot. 
Each tooIA hm ita pflTCtcuIrn iDokot, to which it finnlf adhcrra by the ulosc oo'adajrta- 
tnon of duir opposnl anr&cog, and by the firm a<ULHeiaQ of th# alTOolarpn'ionteiin ta 
the or(^«Bd'oetnuitv^icb iaveF%tlie fiwg or itmgs uf thetontii. 

'Frae ttcA implanted in sODkota wo oonflnod, !□ tho manunaluin ilass, tn Uie 
mrwiliary, pretnaxiUwy, mii mandibular; or lower maiillary bones, and fimn a afngle 
row in cacti. Thoy may project imly from the prema^lBry bones, aa in tho nanrtodi 
or only from the lowcii' mailllsry booe, as in ziphins ; or be afqiarant only in tho 
lower niMiUary hone, as in the enchalot \ oi' be limited to tho superior and inferior 
mflxillaricE, anil not present in the promaiillurieB, as in thp tnio jttnwa (cow, slicep), 
and moat ftmnt (alolh, armadillo) of Linnmus, In geoeTnl, teeth arc situated in all the 
bones ubnTi>incnlioned, Tn man, where the prcmasillariea eoAf eoalesco wilii the 
mnxfllary lionos, wheiB tho JawB arc very ahort and tho c 
equal length, there is no vacant apace in the lionW series of either jaw, and tliB teeth 
dwire soma additionnl flxitj' by their cloac apposiliaiKTid mutual p] 
mammal now prcii-nt< tiiis character ; but ita iii^(Biauue,jis acsodatad with tlic peculiar 
Bttrihutiis of the human organization, hoa bWilL Bomcwlut diuiinisbed by fbe disoofSty 
of a liltc cnctiguinU arrangement of tlic teeth in tho jan« of a fcv cxtiiiet quadrtQied)), 
f.j., anoplothuriumi ncsodon, and dichodou. 

BTltPcTDiia. — The teeth of the mamuinlia usOally oonsist of hard i 
dentine, defljnddd nt Ihe nnirn by an investment of cnnmc), oiid evorfwhcn 
flttTonnftjd by s cont of eemenl. The corona 

man, qindrutnano, and the terrestrial comivora; it is thicker in the hcrbivo 
I'l^intiBlly in the conrjshi p^*'" "f the elephant. Vertical folds of enamel ft 
crown of tbe tooth in the rimnnaivta, ■»»& 'in 
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the ingredients lliat might ho cippttod in fuecal matter dsriwil from liones— via., phos- 
phate ofliniH, carbonate of limn, and a very amall proportion of the triplo phosphme of 
iilagnpsia. Tliis iliacovery nf Hio coproltti's of the hyama fonuod, 
vig. la. perfinpe, tho atrongoat of the liois in thnt chain 

of evidence by which Dr. BuiMand proved that tiic 
I'avB at Kirkdkp, in Torkshiri', had bo™, during a 
long sacCGSsion of ycais, inhabited as a den hy 
hyianas, and that they drajrjed it 
the oBicr animal hoilira, ivhoBBromainn, pyiinterod, 
anil hoEring Binrts of tocth of the hyrctia, were 
foaod mitcd indiscriminately with their own. 

Befiiro qiiitting the camfvornna oi-der, the peon- 

linr Jcf clopmeot of tho ilppor oaninee of the mowc 

or walms dcssTTe to he noticpd. The staple Ibod 

of thia large modiSod sod is sheH-flBli, c 

and sen-weed, whieh are pooniled to n pulp by 

its small, obtuse molar ti-cib. The canines (Fig. 

IB), <•, exist only in (he uppei' jaw, where they 

MB imbedded in deep Mid large proniiurot sookctt, 

KiiB.i.iasDinirK opTTB miwHi- whence they sweep down, slighfiy ineurvMl, rortn- 

aig large and long tusk*, ■which bcrve as weapons of attach and dofence, and as inatm- 

ments lu fdd oT elimhinBthc flbes and 

hnnimodia of ice, amongst wMih the 

In the order of mammalia, called 
gtUvets or rodents, eouio of whieli, 
^.', the rat, arc mised feeders, but 
of them hcitpiTomns, the canine 
icoth KTo wantinjiii Tiotii jan-a, and 
Incisors, redsccd to two in nnm- 
Bcr, an: the seat of that esceisive nnd 
ifliiotemiptcd gp)wth, which mukea 
Acm aHicd to tnsls. 

These innsors (Fig. 1 9),. i", aw curved 
die up^pair describing a lar^r part 
of a amnllei- eirtle, the lower ones a nnallcr pm*t of a larger cirtlii, the latter bfing' t^ie 
longest, nnd unallyhaviiigtheir sockets extending ftomao fore to the hack part of thn 
undcTjdw'. The tooth conrfsta of a body of compnttdentinc, with aplateirfenoniBl laid 
upon ft» anterior or ran>'ex eurfooe, and the enarael eommotdy eonsfste of two layeni, nf 
whioh tho anterior and cstornal onu is the densest. Thus the Holiatnnew of the inciBor 
d'miiaijA in hatdncra from tho front to the back port of tho tooth, Tho w 
fVom thbreciproeal action of the upper anH lower indaora produce, a 
obliijni! Bujfcec, rioping fpua a bliarp ant erior margin formed by the dcMor ennmel, 
likn ffikt wliieh, in a chisel, dopca from the sharp edge formed ly tiiG phite of hard st*^ 
laid ontho bade of thnt tool, whence these teeth have been called " ehisd-toeili" (rfe/ii 
tea^rmril). Their growth never ceases wLile the animal lives, and the imphinted part 
of tho eiqwEcd part, and rndshchind in a widely open or hollow 
bate, *Iii(>li enntains a long, uanieal, peisistent fcrming"pnlp. This law of railimited | 
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growth is uaconditionaL, and constant exercise and abrasion are required to-maintai)! 
the normal form and scr^dooable proportions of tho soalprifbrm teeth of the rodeoits. 
When, by accident, an opposing incisor is lost, or when, by tho distorted union of a 
broken jaw, the lower incisors no longer meet the upper ones, as sometimes happens to 
a wounded hare or rabbit, the incisors continue to grow until they project, like the tusks 
of the elephant, and the extremities, in tiie poor animal's attempts to acquire food, also 
become pointed lUse t^ldts. FoUbwixig t^ <nirvo pneecribed to thdir growth by tlic form 
of their soebcrt^. tSieir pdc&ts dtb&a. loltant ogoinst some put of the head, arc passed 
through tbd MOf. oaase absorption of l3ie bone, and' pei&ipB ogoin enter the mouth, 
rendering mBstibtftion impract^ble, and causing deatSi by sttuTvtitiDn. In the Museum 
of the College of Surgeons there is a lower jaw of a beaver, in which the scalprifcrm 
incisor has, by unchecked growth, described a complete circle ; tho point has pierced 
the massetcr muscle, entered the back of the mouth, and tenninated close to the bottom 
of the socket containing its own hollow root. 

The difference in the diet of tiie rodent quadrupeds has been alluded to ; there is a 
coiTcsponding difibrenoo in Iha mode of impLEOitatlon of their molar teeth. Those which 
subsist on mixed fbod, and whioh^ like tho rats, betray a tendency to carnivorous habits, 
or which subsist, like squiiTels, on the softer and more nutritious vegetable substances, 
as the kernels of nuts, suffer less rapid abrasion of the giinding teeth ; a less depth of 
crown is, therefore, needed to perfonn the office of mastication during the brief period 
of life allotted to these active little mammals ; and, as the economy of nature is mani- 
fested in the smallest particulars as well as in her grandest operations, no more dental 
substance is developed after the crown is formed than is requisite for the firm fixation 
of the tooth in the jaw. 

Tho rodents that exclusively subsist on vegetable substances, especially of tho 
coarser and less nutritious kinds, as herbage, foliage, and the bark and wood of trees, 
wear away more rapidly tho grinding surface of the molar teeth ; the ci'owns arc, 
therefore, larger, and their growth continues by a reproduction of the formative matrix 
at their base in proportion as its calcified constituents, forming the working part of the 
tooth, are worn away. So long as this reproductive force is active, the molar tooth is 
implanted, like the incisor, by a long, undivided continuation of the crown. Those 
rootless and perpetually growing molars are always more or less curved, for they 
derive from this form the same advantage as the incisors, in the relief of Iho delicate 
tissues of tho active vascular matrix from the effects of the pressure which would 
otherwise have been transmitted more directly from the grinding surface ; tlie cnpybara, 
and the Patogonian hare {DolicIiofis)j afford good examples of this more complex con- 
dition of tho grinding teeth. 

The variety in .the pattern of tho folds of enamel that penetrate the substance of tho 
tooth, and add to its triturating power, is almost endless ; but the folds have always 
a tendency to a transvei'sc direction across the cro^vn of the tooth in the rodents. This 
direction relates to tho shape of the joint of the lower jaw, wliich almost restricts it to 
liorizontal movements to and fro, during the act of mastication. In the true hoofed 
herbivorous animals, in which the joint of the lov/er jaw allows a ft"cc rotatory move- 
ment, tho iblds of enamel take other forms and directions, with modifications, constant 
in each genus, and characteristic of such. 

Tho horse is here selected as an example of such herbivorous dentition (Fig. 20). 
The grinding teeth are six in number, on each side of both upper and lower jaws, with 
thick square crowns of great length, and deeply implanted in the sockets; those of iSbe 
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I upper jaw being slightly oiirvod. When Uic Bummits or ej^KJanl ends of these teotli 
iiegia to lie worn down by mastientiDn, tlie intcrMeadcd enuniel, dfntine, and cement 
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^iiHW lli3 pattom figured in Cut 20 ; it ia penetrated from wilhin by a valley, entering 
^1 iibliquely from beMnd fonrarda, and dividing into or crosled by the tTO oreacentie 
/^i \'alleys, which aoon liccome insulated. There is a larpe lohe at the end of the 
vulley. The outer Bilr&iee of the crown ia impresacd by Urn deep longitndinnl 
ihannclfl. In the lower jaw the teeth ore narrower transvetaely than in (he upper jaw, 
ind are divided csfomully into two convex lobes, by a median longitudinal fissnrc ; 
internally they present three principal unequal coDvex ridj^es, and on anterior and pos- 
jwer ridge. All the valleys, fiasurea, and folds in both upper and lower 
! lined by cnaind, which also coats the whole eitJ-Tior surface of the crown. 
Of the series of six teeth iu caeh jew, the ilrst three, p 2, 3, i, are prcmolare, the rest, 
re true molars. 
Tliu canines are amali in the horse, and arc rmlimimlal in the mare ; the unwom 
crown is ri>marl[ahle for the folding in of the anterior and po^'rior margins of enamel. 
The upper mnina is situated in the middle of the long interspacu between the incisors 
t^nA mfdara ; the lower canine is elose to the outer ineiaor, but is diatingaiEhed by itti 
more pointed form. The incisors are six in number in both jaws ; they are aminged 
olose together in a curve, at the end of tlie jaw ; Ihc crown is broad, and the contour 
nf the biting surfaee, before it ia much worn, approaches an ellipse. The ineisora of 
the horse are distinguished fimn those of ruminants by their greater length and cur- 
vature, and from those of all other animals by the fold of enamel (Fig. 3), o, which 
penetrutes the orown Ironi its fiat Bummit, lUcc the inverted finger of a glove. WTien 
the tooli begins to bo worn, the fold becomes an island of enamel, inclosing a eavity 
partly filled by cement, and imrtly by tlie substances of the food, and ia Bailed the 
" mark." In aged horsis the incisors ore worn down below the eitent of the fold, and 
the " mark" disappears. This cavity ia usually obliterated in the first or mid incisora 
at the sixth year, in the second incisors at the seventh year, and in the third or outer 
incisors at the eighth year, in the lon-cr jaw. The mark remains somewhat lonfpB" in 
tie San/sprs of the upper jav. 
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Th<: following is the uvcragc cuursc of dprclopiai^nt imd suctieseiou of tho teeth in the 
horac {EquM eahallm) ;— The an mm its of thp first functional dcciiluouB molsr, d 2, " fiiel 
);tinder " of voteiinary authors, ars usuully uppoccnt at biiili ; the succiMSding giinder, 
d 3, BOtnctimoa ariaca a daj- or two later, Bomptiinea togofipr with, the first. Their 
appearanpe ia spnedily followed hy that of thp flral deoiduoue iuoiaor — "centre nipper" 
of vctprinuiana — which usually cuts the gum between the third and siitb daya. The 
secoiul deciduous iuciKir appears between the twentieth and fortieth days, and about 
Ihia time the rudimeotu] ^niici', p 1, enmea into place, and the last deeiiluons moltir, 
d i, begins to cut the giun ; cbout the siith roonth the iuferior lateral, or third incisors, 
with tho deciduous canine, moke their appearanDC. The minute canine ia ahcJ about 
the time thnl the contiguoiia inoisor is in pince, aod is not retained beyond the firal 
year. The upper doeidaoiia canine ia abed in the ceurso of the aocond yenr. 11)C first 
true mular, m 1, nppcara between the eievenlh and thitlcenth months. The aecond 
molur fbUows before the twentieth month. The firat funetjooal preiuolar, p 2, diaplace.^ 
the deeidaoua molar, d i, at from two years to two years and a half old. The first 
permnnent incioot' protrudes from the gum at between two years and a half and three 
years. At tho samD period, the penultimate prenioior, p 3, pushes out the penulfdmate 
milk molar, d n, and the pcnultiniate true molnr comea into place. The last premolar 
dif places the \ai^ deciduous molar nt between throe years and a half and lour years ; 
tlie sppcoranee above the gum of the last 
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lolly Bomcwhat earlier, 
incisor pushes out its deciduous 
about the same period. The 
permaneiit canine, or "tusk," next fbllowa ; 
its appearance indicates the ago of four 
yeai'B, but it sometimes comes earlier. The 
third, or outer ineisor, pushes ont the 
ilecidnoiu ineisor about tho fifth year, but 
is seldom in fidl place before tho horae is 
five and a half years old. Upon the riaing 
of the third pennonent ineiaer, or " cornDr 
nipper" ef the Teteriaorians, the "colt" 
beeomta a "horse," and the "filly," a 
" mare," in the language of the horse- 
dealer. After the disappearance of the 
"maili" in the incisors, at tlie eighth ur 
ninth year tho horse becomes " aged." 

The most complex eonditian of teeth 
adapted to a vegetable diet ia that preaenttil 
by ihe elephant. The dentition of tbe 
Rcnua Elephaa includes two long tuaka 
(Pig. 21), one in cai:b of the intoimaiillwy 
banes, and large and complex molars {ib.), 
fA S, 4, and 5, in both jawa ; of the latter 
there is never mom than one wholly, or 

r at KLErHJJ'i'. ^'° P»rti»W}'i i" p'lce and use on each 
side at any given time, for the seriea is 

formation and deatniction., of ake&dixvf. 
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and all the grinders succeed one another, like true molars, horizontally, ^m behind 
fesrard. 

2 2 7 7 

Tlie total number of teeth developed in the elephant appears to be i- — -, m •= — ^ =:^Z2, 

the two largo permanent incisors being preceded by two small deciduous ones, and the 
number of molar teeth which follow one another on each side of both jaws being seven, 
or at least six, of which the last three may, by analogy, be regarded as answering to 
the true molars of other pachyderms. 

The incdsoie not only surpass othor teeth in size, as belonging to a quadruped 
80 enormous, but they are the largest of all teeth in proportion to the size of the body, 
representing, in a natural state, those monstrous tusks of the rodents, which arc the 
result of accidental suppression of the wearing force of the opposite teeth. 

The tusks of the elephant consist chiefly of that modification of dentine 
that is called "ivory," and which shows, on transverse fractures or sections, strisD 
proceeding in the arc of a circle frx>m the centre to the circumference, in opposite 
directions, and forming by their decussations curvilinear lozenges. This character 
is peculiar to the tusks of the proboscidian pachyderms. 

In the Indian elephant the tusks are always short and straight in the female, 
and less deeply implanted than in the male; she 'thus retaining, as usual, more 
of the characters of the immature state. In the male they have been known 
to acquire a length of nine feet, with a basal diameter of eight inches, and to 
weigh one hundred and fifty pounds ; but these dimensions are rare in the 
Asiatic species. 

A mammoth's tusk has been dredged up off Dungeness which measured eleven feet 
in length.* In several of the instances of mammoth's tusks from British strata, the 
ivory has been so little altered as to be fit for the purposes of manufactui*e ; and the 
tusks of the mammoth, which are still better preserved in ffce Avzcn drift of Siberia, 
have long been coILected in great numbers as articles of conuuievoQ. In the accoimt of < 
the mammoth's bones and teeth of Siberia, published in the **njilosophical Transac- " 
tions " for 1787, No. 446, tusks are cited which weighed two hundred pounds each, , 
and " are used as ivory, to make combs, boxes, and such other things, being but little 
more brittle, and easily turning yellow by weather and heat." Fiom that time to the 
present there has been no intermission in the supply of ivory, fipiDiahed by the tusks of 
the extinct elephants of a former world. 

The musket-balls and other foreign bodies which arc occa^oaally found in ivory, . 
are immediately surrounded by osteo-dentine in greater or less Ji^uantity. Jt. lias often 
been a matter of wonder how such bodies should become coii^etely imbedded in the : 
substance of the tusk, sometimes without any visible aperture, or how leaden bullets ■ 
may have become lodged in the solid centre of a very large tusk without having been 
flattened. The explanation is as follows : — a musket ball, aimed at the head of an ele- 
I^ant, may penetrate the thin bony socket and the thinner ivory pariotes of the wide 
conical pulp-cavity occupying the inserted base of the tusk ; if the projectile force be 
there spent, the ball will gravitate to the opposite and lower side of the pulpi»cavity, as 
indicated in Fig. 21. The presence of the foreign body exciting infiammatiQiL of the 
pulp, an iiTCgular course of calcification ensues, which results in the deposition aroimd 
the baU of a certain thickness of osteo-dentine. The pulp then resuming its healthy 
state and frinctions, coats the surface of the osteo-dentine inclosing the ball, together 
* Ott/vj's "History of British Fossil Mp.irmaTin," 8to, 1844, p. 244. ' '' v .. 
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with the rest of the (lanicttl oaviif into rhich tint moss pn^cds, with Inycrs (if 
ngrmal ivorj-. 

Thf portionfl of thfl CBmmt-forming capaulo EnrrDimding the baac of tlie tusk, ami 
tlie part of tkt pnlp, whicli wero pRrfoiated iiy the hull in its pissagf , are rmk J«placril 
by tho outivL' ropaiativi.' powi'c of tlmao ii^y vascular bodies. Th* itia ibTOcd by 

bal3 in Qio baeo of tlia liuJ< is then moia oc Jess C0InplalJ^IJ- Qlkil op b^AdUdk coRt 
df cement from vithont, and of ostoft-dentitu feni within. 

By tbo cootinacd pcagr(>sa of groirtli, tlie ^ttll to inclosed is eotriod furwuda, in the 
lurBL' indieatcd by the arrow in Fig. 21, to tteiniiidlB of the solidified neKfftedfatt 
of tliB tiis^. Should the ball have ponetrat^d ttwhtfic of tile (uak of tiymu)K'Cl'^^b''>ft' 

my ho cuncd fem-urdi by the unhiterrujited growth and wear of t)ie tuA, mdil 
that base hot become the apex, and he finally expvavA and diteharf^'d Uy tiw MBtiniwl 
abrasion to wtm^ tb> "jtcs of the tusk is su^^eotiiiL 

I bad tholnskaDd piUp of thp groat elopfaaiit.at the Zou1oi;i>:a1 GondHu Jesi^idi- 
nolly divided, soou after t)}t' death uf that aoimBl in the eummer uf 181T. AlHiAUgh 
the pulp tould he easily detaehed &oni lbs inner Burfaee of tlie pulp-eayi^y, jtwRs *ot 
without a aortain nuiitanee ; and wh<p tho edges ol the cn-adapted pulp and tootb vote 
examiBeii by a siroag lent, the Klaiucntary prociMHn from the outer satb/tt oftiie piilp 
pould ho eean attotdiiBg as they woib 'witltdTKKB *om the dentinal tubea!lw&ra liiuy 

ko. They on avwinule that, to the ndnd ejrp, the detaehed suiAui? «f dho >l>ulp 

ns to be ealln, and Cuyier was thoE ditcdved in concluding &at tLorc 'mtm no 
organic connegSan between the pulp and the ivorj'. 

The molar teeth of the elephant are remartahlo for their great she, uiUjUjiv rchitian 

:a the hulk of the animal, and for the cxtromo compkiily of their atructurc. The 

crown, of which a great proportion is buried in the socict, and rery litUo more than the 

grinding auifcco appcare abovo tha gum, is deeply divided into a nniaher of lamavBrae 

perpendieular platca, eonaistin^ each of a body of dantino, eoatod by a layer of eiMmd, 

I », and tlii« (gain hy the less dense hone Jilte suhsUuioB, c, which fills the intHgpaMS of 

I the rnamelled platca, and here more esiweiDllj merlte the name of " (!enicat,"'E^nee it 

I, hindH togothorthe levenJ dtviaions of Che crown bcfurc they nrc ftilty formed and united 

by thaoonfluntee of Ihoirbnaea into a ooinmon body of dentine. AsthogrowtiiBf aadi 

plalc begim aX the atmunil, &ey remain dotaDhed, and like so many aBparate 1«e& or 

dmticulos, until their base ia eomplcttd, when it bueomea blended with the- bases of 

contiguous platos to form the conuoon body of the cnivn of the oomplcx tuotii, &om 

.which the roots tie neit doTeloped. 

Tho platei of the molar teelh of the Siberian nuinuHoth {Elepliai }in'piigaiiia^, (Fig. 
33), ore thmni'r ui pruportion to their breadth, and an>genBt&)lyK little axpandedat 
the middle : and they aio moru numerous in propoition to the sine of tho erown than in 
the enisling sptcicB of Asiatic idophant (*'*.} Inthe AfVioanelephBnt (I'A.), oat&oother 
baitd, the lamellar diTiuons of tho crowa am fiwcr and tiiiohor, uid they eicpwid mon.' 
unifonnly from the mnrgina to the centre, yielding a loaenge-fonn when ent w worn 
transversely, oe in mastjeation. 

Tho fbrmation of eaoh grinder bof-ins with the eummits of the anterior 'platc, and 
the ro»t are completed in Hucoessiun; tho tooth is pradnally advanced in position as ite 
gmwtib proucoda ; and in the existing Indian elophnnt the anterior plates are biou(^t 
into uae before the postorior ones are farmed. When tho enmplex molnr oDts ike 
gum, the ceneDt is first rubbed off the digital enn>mits ; then their enamel CRp ia worn 
■wny, tmd tiio ecntnil donlinc eomoa into play '«vfl^ ■o. ^;^lw^nv^A■gwgc^ 'ffer.'- ^^ 
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Igital prociMBca arc tiant ffrouni down to tbeic comroon imitiug base, and a tnmiivctw 

ai*t of dentine, with its n'livj I)Ordc?r of pmunul, iaeipospil; finally, the transverse plalw i 

Ihcmselves lae abndci.l | 

ufdcntiue, auduemootli , 

trndpoUghedttactoftJiat , 

nuliBtanoc is iiroduoed. | 

Fivm til ia basis the root* ' 

i)f th(j molar are deyc- I 




iopud itnd inuroasd in iLTigll tokucpllic worn ^rown on tlip grinding Wei, until the rojmi- 
Unetive force iii exhuustsd. Wlion die wliole extent of u grindei' boa ancoraaiToly come 
into ids;, iff last part is rcduttd to a long fang gupporting o emoolli and polialicd field 
uf deoUDo, n-itb, pei'tuips, n fivw ToranEinCa of the bottom of llie enamel folds at its 
llinder part When the euuiplei molar has been thua worn down to on uniform sttr- 
lec, it becomos iisclcBS as an inBtnunant for grinding Iho eonnw Tngetable substanw's 
n wlucli the elephant subsists ; it ia attoekcd by the abaorltrnt aetion, and the wasted ' 
portioa of the molar is finally shed. 

llie grinding teeth of the elephant progroaei vely incTeose in aixe, and in the number of 
Tjin.illiii- diviHiDn.-< from the first to the last ; thcf aueceed ooeh other &om behind furwards, 
monog. not in a right line, but in the art of a einde, shown by the curved lino in Fig, | 
21. The position of the growing tooth in tbe cloeed alveolus, «f, 6, ig ahnnet at ligbt 
angles with that in use, the grinding Bnrfuec being at first directed bacbworda In the 
upper jttw, and forwards in the lower jaw, ond brought by the rotolving courfe int 
hori]!Ontal line in both jaws, so that Ihej oppose each othor when durolopcd for use. 
The imaginary pivot on which the grinders revolve is neit tiicir root in the nppcr ju.w, 
■ is next the grinding sarfmic in the lower jaw ; in liotb, towards the frontal surfaco 
he sknll. Viewinf! both upper and lower njoloi* as ono tompLeai whole, subject to 
samo revolving movement, the section dividing such whole into upper and lower 
portion ronB parallel to the curvo doBcribed by tixc movoment— the upper being the 
ccntrsl portion, or that nearest the pivot; Qui lower, the peripheral portion. The grind- 
) ing surfiice of the upper molars is canaequently convex from behind forwards, and that 
/ of tie lowET molars coactTe i the upper molars are always broader than the lower oi 
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ITio bony plate furming the Boukota of Oio growing teeth is more ibaa aaaaOj 
dUtJcct trom the body af the maxill&ry, imd. participates in this revolving course, 
advancing forwards, with the teeth. 

SaoceiBiou.— As the rate uf increase, both of size and in the number of the coni- 
paneat pLitea of the grinding tooth, ia nearly idcntlcid in both juwa, it will suffice to 
briefly describe the teeth and the perioda at whieh they auocessively appear in tho 
lower jaw of the Asiatia elephant. 

The ^rtl iMlar, which cuta Iho gum in tltc course of tho eoeond week after birtb, 
03 a mib-oompreased crown, nine lines in aatero-posterior diameter, divided by three 
transverse clefts into four plates, the third being tho broadest, and the tooth hero 
measuring six linoa atxoea -, the base slightly contracts, and forms a neck aa long as the 
cnaruelkd crown, but of Icea breadth, and (hia diridca into an anterior and posterior, 
long, anb-eylindrioa], diverging, but mutually incurred ^nga ; the total length of this 
tooth is one inch and a half. The corresponding upper molar cuts the gum a little 
earlier than the lower one : the neck of this tooth is shorter, and the two fangs a 
ahorfffl, larger, and moru comprcaacd than Ihoec of the lower first molar. The first 
molar of tho tlcphaut is tho homohigue of tho probably dcciduooa molar (Fig. 2o), 
in other ungulates ; it Is not a mere miniature of the great raolsra of tho mature 
animal, but retains, agreeably with the period of life at which It is developed, a 
character much more nearly approoohing that of tho oiiiinary pachydcimul molar, 
manifesting the Bdhei-cnee to the Dioic general type by tho minor compleidty of the 
crown, and by the form and relative size of the fangs. In the ti 
the crown we perceive the affinity to the lapirold typo, the different links connecting 
which with the typical elephants are supplied "by the extinct topbiodons, dinotheFiaii 

d mastodons. The subdivision of the anmmlts of the primary plates recalli tho 
character of the molais, I'spocially the EOiallcr onoa, of tho phouochere in ~ ~ 
As the elephant advaiEcea in age the molara rapidly acr[uirD their more special and 
aomplex character. 

The first molan: aiv! completely in place and in full use at three months, and arc 
shed when tho elephant ia about two yeara old- 

Tho sudden increase and rapid development of the *«oBrf aolar may aocoimt for 
the non-eiiatence of any vertical sucwBaor, or " picmolar," to the former tooth, in thu 
elephant. The eight or nino plates of the crown are formed in the closed alveoluii, 
behind the first nutlar by tho time this cuts tho gum, and thny arc united with the body 
be tooth, and most of them in oso, when the first molar is ahed. The avera;{C 
length of tho second molar is two inches aiul a half, ranging from two inches tu 
inches and nine lines. The gmatcat breadth, which ia behind the middle of thi; 
tooth, is from one Inch to one inch three liniis. Thero oro two roola ; the cavity of 
the small antoriDr one e^ipanda in the crown, and ia continued into that of the throe 
nterior plat«a. Tho thicker root supports the rest of the tooth. The second molur 
) wum out and shed before tho beginning of the sixth year. 

The third molar haa the crown divided into &am eleven te thirteen plates; it 
averages four inchea in length, and two incbos in breadth, and baa a amall anterior, 
a very huge posterior root ; it begina lo appear abovo tho gum about tho cud of tho 
md yeoT, is in its most eomplcto state and extensive nse during the fifth year, and 
rom Dnt and shed in the ninth year. The last remnant of the third molar is shown 
at M 3 (Fig. 21). It ia probable that the three preceding teeth ate enalogoua to the 
dcciduoui molars, il2,d3, and d 4, In the hog (Fig. SS). 
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The fourth molar prosonts a. iiuu)tod aupeiiorily of axe over the third, and a hoi 
■what diSerent fimn ; the anterior angle i^ inora abllqual)' nhmdod, givii^ n pontagonnJ 
figuio to tlie tooth in the dipper jaw (Fig. 21), m 4. The munhBT of platoa inlJiDCrn 
of tliij tooth is Sfttien or iiiitooii, its IcngtJk bf tnuon seven and eight inohex, its biBadtli 
three ^ches. It has nn anteriar aimple uid slender root supporting the thrao £rat 
idatee, a eecond of krftcr »ize and tnfid, eiipportin); the fbiu- next plates, and & lirgB 
oontractiiig hose fur thu remainder. The font'part of t^o grinding' snrikea of tlii» tooth 
he^Cins to protrud{^ throogh the gnm at the sixtli jear ; the toolh is worn Bvi^, and 
Ust rEmnimt shed, about the twentieth or Irwenty-fiilh year. It may be rpgartled' as lllo 
honiologuB of the fiist tnie inolar of ordinnrj' pathydotma (Fig. 25), w 1. 

The _fi/ih laalatf irith ii mown of fmia mrrmtBEn Cu twoaiy platos, mawtDTee 
tutviten nins and ten inches in length, pnd ohout three inohes imd B. half in' broadtll. 
ThB second root is more distinctly sepsraled trom the first aimplo root than finm, tho 
large mus behind. It begins to appear above lisc giint nbout tho twcntielh jeai ; its 
dtuntion has not bcvn ascertained by obscrvntioD, but it probably is not abed bofbic 
the aiilieth year- 

The Bixih iMlnr in the Ust, and hui from twenty-two to twenly-scTen pUt 
its length, or anicro-postcrior extent, following the curvnturo, is from twelve to 
fifteen inches ; the brendth of the grinding surface rarely exoofd'^ throe inoheM and 
a half One may reasonably conjecture that the airthmokr of the Indian elephant, if it 
make its appeaianco about the filtiolJi year, would, from il* superior depth and length, 
continue to do the work of mnstication until <ha ponderous pachyderm hud passed the 
oentury of Its uimtence, 

DBwelopment. — The lon^-mistalien phcooiaena of tbe fonnsKoD of the dental 
mibatiinces will be hers deacribed as they have heiai observed in the liuga toclii of the 
elephant ; if the doscription be coraprehcnded in regard to tliaso, mo most oomplei, 
membera irf the dsntal system, the true theory of dentol dcvdopinenf will bo readily 
nnderstiiod in regard to all the vanous forma and grndntions of teeth. The matrix, or 
foramtirc organ of the tush, eonsisls of a large conical pulp, wbich is renewed qidoker 
than it is converted, and thuA is not only preserred, butgrows, up to a certain period 
of tho animal's lite ; it is lodged in the oarity at Qle hose of the tusk ; this base is 
surrounded by the remains of tho capsule, a soft vosculnr membrane of modorste thick' 
aaa, wldeh la confluent with the border of the base of the pulp, whiTC it rcoeivw its 
principal vessels. 

Eooh molar of the Glophnnt is formed in the interior of a membranous sae — the 
uapsaL), the form of which partakes of that of the ftitnre tooth, being oubieal in the Brat 
molBT,. ahlong in tho last, and rhomboidal in most of the intermediate teeth ; but 
tdways deeieasing in vertical extent towards its posterior end, and closed at alt paints, 
■uve where it is penetrated by vessels and nerves. It is lodged in an osseous eovity of 
(he ssme form na itself, and usually in part suspended freely in the masiilary brme, the 
bony ease being destined to fiirm part of Uie socket of the tooth. The extctior of the 
memhEBaaua capsule is aimplo and vasciilHr, as sliown at in 9, Vig, 21 ; its intcraa! 
aarfam gives attachment to numerous folds or proeesses, as in most other ungulate 
aaiuials. 

The dentinal pulp riaos from the bottoni of the capsule, or that part which lines the 
deepest part of the olveolua, in tho 6irm of transverse panjlol plates extending towards 
tbit part of the uapsulu ready to escape ham tho socket. These plates adhere anly tti 
the bottom of the capsule ; their opposite eiti^niity is ttee from all ndhesimt. This 
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iiumitiit ia thinner than tliu boic ; it might be termed tiie edgi^ of the plati 
nutohed, or dlTtdeil into many digital proceauos. Ttui tissue of these digitattid plates ia 
icluatieol with thnt of thu dentioaL jiulp uf Einiplu Miunmalian teeth ; it heeomcs al 
highly V4i8euliir at the parta whore thu formation of tha deotino ia in active pmgross, 

Process^ of the capsule descend irtim. its sunmiit into the inteiapaces of the dentinal 
pulp-plutce, and i^ansoqucntly roaemblu Ihem in tbnn ; but they adhere not only by 
their basB to tho surfuoe qf the ospaule nest the month, but al«o by their literal margiiia 
to the eidea of the cupmle, und thus rosemblo pm-tition-walls, confining each piste nl 
the dentinal pulp to its proper lumber ; the mai'gin of the partition opposite itg 
attachfld baao is free in the intorspoou of the origins of the dentinal pulp-phitcB. 

Tho oaamel organ, which Curior appeals to have rtcogniaed under the namB of the 
intcmol layer of the capsule, is distinguish^c by itn light blue sub-traosporcnl colour 
and usual mioruscopic toxturo, sdherinR to tlie &oe surHiee of the partitions formed by 
tbo true inner layer of t^e capauls. Alllioiigh tKo enHntol-'puIp be in cloae contact with 
the dentinal pulp prioi to the eommeiioement of the ibinmtiDQ of the tooth, one ma; 
readily eonceivc a rouuity between them, which is oontinued uninterruptedly, in mim; 
IbldinKBi between all tho gclatinoua plates of the dentinal pulp, and the partition 
formed by tho combined enomel-pulp and the folds of &e ci4»sule. According to tlie 
oxcroliDD view, this delicate apparatus must huvo been immodiately auhjeeted b 
violence of being compri'aacd in the unyipldinj^ bony bos, by tbo deposition of lie 
dense mnttere of tho tooth in the hypothetical raeuity between the emtmol and dentinal 
pulps ; % prouus of abatnption muBt havs been ooncoived to be set oa Gxit immediately 
that the altered condition of the gelaCinaus secreting organs took place ; and, accarding 
to Unrior'B hypothesia, the Bscretine funotian must be Buppoced to have pracceded, 
wilhont any irreguloiity oi interruptjon. w^hile the praeosa of abaoqitJon ' 
durod in tho Boma put to rolicrc it from tbo cffcdx of ptcsaiiTe produced by its own 
■oeretiDn. 

Tho finmation of the ilentine eoroDionoes inunodiately bomaUi the numbrorm propria 
of the palp i a pait which Cuvier distinctly rceu^ised, and which he accurately tiaood 
as preserving its relad-re situation bctwaen tho dimtine and enamel tJmiughout t^ 
whole formation of tho dentine, and dieoeraible in the completad tooth " aa a- very &ie 
grayish lino, which aepanttea the enamel Irom the internal auhatuico " or dcntiini. 

The ealoificntioD and conreraion of the cells of the dentinal pulp commence as usual 
ut the peripheral parts of the lamDUifbim pioccsaes ftirtheat from tho attouhed' base. It 
may readily be coni'aiTed, therefore, that, ot the oonunencement, thore is lljimcd a 
UIIId c^mpan each of tiie processes into which the sdges of tho pulp-plates are divided. 
As the oentripetol caloifloation pncoeda liu oaps axe converted iuta huni'Shaped cones. 
WUhh 'it has rcanhod the bottom of the notohes of the edgn of the pulp-plate all tlio 
conns became unitud logothor into a ain^ transverse plate ; and, the pn)i:ci 
vonion having reached the base of the pulp-plate, those plates coalesce to fbim 
ban ta the urown of the tooth, which would then pieacat the some emincnoes and 
notohpfi that characterised the gelatinous pulp, ii^ during t^ (Kriod of a 
Other substancea had not been formed upon the snr&ce and in the inlerspaeea of the 
pulp-plates. 

liowevcr, with tho fbimaticui of the dentine, is the deposiUon of the 
Bolts of the enamel in the extremely slender prismatic colls, which ore for lbs 
nioat ^n vertical to &e plane of the inner aurfhoo of the fulds of tho ct 
they ate attwthod. The true inner part of the oapmile forma tlioaethicktransvnae folds ni 
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partitions which support the enamel organ, and with It flU the intcTspaoes of the dentinal 
palps. With regard to the formation of the cpment, Cnyier, niter citing tiiD opinio) 
Tenon — that it was the rcsnlt ot oflBifioation of the internal lavor of the capsnla, and 
that of Blake — that it was n depositioD froni the opposite surface of the capsule to thai 
which had deposited the enamel, states his own uonviction to bo that the canent ii 
piodused by the same layer and by the aame bhi&ch aa Oiat wliioh has produced the 
enamel. The proof alleged is, that bo long as any apaee remains between the oeni 
and the external capsule, that spaeo is found to contain a soft iutcmal layer of the 
oapsnle with a &oc surface neiit the cemcat. Tho phenamena cauU not, in fact, ho 
olhorwue explained acearding to the " escretion theory " of dental development. 
iha obvious objection that the same part is. made, in this c;^:planation, to secrete ' 
different products, Cuvicr replies, that it undergoes a change of tissue ; " Whilst it 
yielded enamel only it was thin and transparent; to give cement it becomes thick, 
spongy, and of a reddish colour/' Tho estemal charactcrB of the enamel organ 
cement-forming capsule are correctly defined. ; only, the one, instead af being converted 
into the other, is in fact changed into its supposed transudation ; tho enamel fibres 
being formed, and properly disposed in the direction in which their chief strength is to 
lie, by the sssimilativo properties of do pro-arranged elongated prisTjiatii^non-nUolesled 
cells, which take from the surtoimding plasma the required salts, and compact them ii 

Whilst this procesb is en foot, and before tho enamel fibres are firm in their position, 
the capsnla bagina to undergo that change which rasults in the furroatioa of the (hiek 
cement ; the calcining process commences from aercral points, and proceeds eenttifti- 
gally, radiating therefrom, and difering from tho ossilicatioa of bono obiefty in the 
number of these centres, which, though close to the new-formed enamel, are in the 
substance of the inner vascular surface of the capsular folds. The colls arrange them- 
selves in concentric layers around the vessels, and act like those of the enamel pulp in 
receiving into their interior the bona-Balts in a clear and compact stale. During this 
proooBS (Ley become con£uent with each other, their primitive distinctnosa being 
indicated only by their pcriistent granular nuclei, which now form the radiated 
Pnrldngian capsules. The intorspacea of tho concentric scries of confluent cells beeome 
filled with the calcareous salts in a rather more opaque state, and the conversion of the 
capsule into cement goes on, according to the processes more particularly described in 
the Introduction to my " Odontography," iin.tll a continuous stratum is formed in close 
connection with the layer of enamel. 

Calcification extending firom thu numerous centres, the difibrent portions coalesce, 
and progTBBsively add to the thieknesa of the cement, until all the interspaces of tho 
coronal plates and the whole exterior of the crown are covered with the bene-] ' 
substance. The onamol-pulp ceases to be developed at the base of (he crown, but the 
capsule conlJDUos to bo formed jwri ^imiu with the partial (brmation ol' the pulp, as this 
continues, progressively contracting, from the base of the crown, to form, by its calct- 
ficattott, the roots. The calcification of the rapsnle going on at tho same time, a layer 
of cement is formiTd in immediate cDnncctiun with the dentine. The circumscribed 
spaces at the bottom of the sottct to whieh the capsule and dentinal pulp adlierc, 
where they receive their vessds and nerves, and which are flio seat of the progressive 
fi)nxuitiDn of these respective moulds of the two dental tissues, become gradually 
contracted, and subdivided by the further localization of tho reproductive force* to 
pBrticalar epota, irhencc the subdivision of the base into roots. The surrounding bono 
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undcT^DB carrftLpoading mocli£.catitiiis, growing Gjid filling up the inturspaccE left bj 
the dividing and Pontnicting points of Rttachmcnt of the residuary mstrii. AE ia 
Buliordinnted to one lumnanious law of growth by vast^ulor action iind cell-forma- 
tion, and of moleeulor deotement by a1)soiption. Mecbonical squeezing, en- drawing 
out, has no Bharo in tbeao changtta of the pulp or enpaulp ; presanre st most eier- 
I'lafa only a gentle stimulus to tlio Tital piocessea. Curier bsliored thnt there were 
places H-herb the dentinal pulp and the capatde were separate &om each nthcc. I have 
nflverfoundauch.cicopt where the enarofll-pnlp was interposed between them in ttecrnwn 
of the tooth, or where both pulp and capsule adhered to the periosteum of the aouket, 
below the crown. Cuvier affirms that tlis nnmher of fangs of an elephant's molar 
depends upon the number of points at which the baaa of the gelatinous (dontinai) pulp 
is attaehod to the bottom of the capsule ; and that the interspaces of these attachnuints 
I'lnstitule the under part of the crown or body of tho tooth, the attachments themsel^'ca 
forming the finit Vg inni ngi of ^e fanga. True to hia hypothesis of tho formation of 
the dental tissues hy eicrotion, he saja that the elongation of the faogs is produced fay 
Lwo eircumatances : ftrst, the progressive elongation of the layers of osseous substance 
(dentine) which force the tooth to rise and emerge &om its sockot ; secondly, the thicken- 
ing of the body of tho tooth by the addition of Bucoesaive layers to its inner surfiice, 
which, fliling up the interior cavity, leaves scarcely room for tlio gelatinous pulp, and 
furces it down into tlie interior of the roots. 

This pulling up of the fang on the one hand, and aqncosiug down the pulp oa the 
other, are forces too gross and mechanical to be admitted in actual physiology to explain 
tho growtli of tho root of a tooth or of any other organized product ; such modes of 
explanation were, however, iuevitohle in adopting the " excrctioii theory" of dental 
development. 

There arc few eiamplca of organs that manifest a more striking adaptation of a 
highly complex and beautiful structure to tlie exigencies of the animal endowed with it, 
than the grinding teeth of the elephant. We perceive, ibr example, that the jaw is not 
encumbered with tho whtdo weight of tho massive tooth at once, but that it is formed 
by degrees as it is required ; the divisiou of the crown, into a number of sueccseive 
p!at<.'s, and the snbdiviaion of these into cylindrical processes, presenting the conditions 
lOat favourable to progressivo formation. But a more important advantage is gained 
by this auhdiviaion of the tooth ; each part is formed like a perfect simple tooth, having 
a body of dentine, a coat of enamel, and an outer investment of cement. A single digital 
proeess may bo compared to tho simple canine of a carnivore ; a transverse roH~ of these, 
therefore, when the work ot maatication has commenced, presents, by virtue of the dif- 
ferent densities of their constitueot substanees, a series of cylindrical ridges of enamel, 
with as many depressions of dentine, and deeper citcmal valleys of cemont; the more 
advanced and more abraded part of the ciovn ia travened by the transverse ridges of 
the enamel inclosing the depressed surface of the dentine, and separated by the deeper 

onels of cement : the fore part of the tooth exhibits its least efficient condition fbr 
mastication, tho inequalities of the grinding surface bdng reduced, in proportion as the 
enamel and cement Wo boon worn away. This port of the tooth is, however, still 
fitted for the first coarse crushing of the bnuichcs of a tree : the transverse ouamel 
ridges of the succeeding part of the tooth divide it into smaller fragments, and the 
poBt*rior islands and tubercles of enamel pound it to the pulp fit for deglutition. 

The atruetuje and progressive development of the tooth not only give to tho ele- 
phant^s grinder the advantage of tho onereii surface which adapts the wUi^hqsi ^sst '^U' 
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rtfBcc, but, at the same time, secure tho constsat prcecnac of the must effioicnt urange- 
jauBt for the finor -CDinminuIian ofliiDfauil, at the part oflhc mcmth wMch ia DGaFest 
the fauoei. 

In the tiuks afihe Xaniodon ffigaiitetwihs outer layer of rumout is rolativelj thicker 
Ihira in tlic tiiaks of rthc mammoth, or in those uf the Jndion dr^phnirt. The genLTni 
cbaraater of the tnicafOMapic Btructurc uf tbe iTOry of thr umBtodan'B tuiik ia the simo 
an that of the alophitnt, 

Sjthciitimtteiieesaiidclinica[Tan|>cmcnt of the dcntiiial tubes, and espeoiaUy by their 
strqngly ii TiiliiTntiii jT secoudMy curves, a tm^iCT and moro olaatic tissue is pTDdueod 

disf Ingaiahes " irory" is dtnihtleai eaaentiol to the due degree of cohoToncc of so large n 
mass as the elcphant'd tusk, pnvjpL-ting eo ihr from the supparting Bucket ; and to be 
fiuquentlj applied in deahng hnid blows and thrngts. 

TceUiof tbe Hegatkeiiuw,.— Tho nir'gatheHum (Gr. iiufm, great: lAtrioK, bmiit), 
so called from its ouloseal aize — being as lurge as the alephant, and even surpawiny; thnt 
hageat of oxiHting i^uadrapcdfl in some of ils proportioiis — vos once on inhabitnnt, and 
apparently in some numbeis, of the Amerieim fontinent, enpeoicJJy its aoiilhern divi- 
sion, and aubsLEtud on a similar kind of &ad to the elephants, viz., the smaUor branohes 
tud looTtia of tcecB ; but all the genera and species of megathadiiid beasts n 
extinct. Novcrthclcaa, from the fosail rf mt^ioB of the megathennin the aunlomiBt 
«merringly to deduce the nature of its inod and many of its .peculiar habits ; and also 
to bring to li^ta system of dentition, designicd, like that of the elephants, for the service 
of orushingond maalioating a uoarHe vegetablf dint ihron^ltout a long-protracted indivi- 
dual existence j .and yot, by a ntodiSeation ot the formative pTocosscs and ceanomy of 
the teeth, quite different from those that have been adopted for the same ends in thi 
iftophant tribe 

Is these, as has been ahown, the siippLy of a mnstieating apparatus, to aerve thi 
requircmoDts nf a gigantic ™i'^il during aDf! or porbaps two oentoriCH of existence, wa 
proyidiid by a suceeasion of difftriHt molar teeth ptosenting the duo eumplexity o 
atruotiire. In the megatheriimi the same end was obtained tg- a perpatnal growth o 
the 101110 eomplra molar teeth — the different dental suhstaneos being formed at am 
added tu the. base of the<tooth, inpropoitinn as tfacy were ground down at the exposed 

Thn true number of teeth was determined by a Tomoval of the mineral sabslanees 
.adheriog to tie surfoce of a portion of a fussil skull uf a mrgatheriun), brought by 
Ur. Charles Darwin finra South America (Fossil Mammalia of the " Voyage nf tlie 
Beagle," Ha, IMD, p. 102). The animal hw not, as in tbe elnpbBnt, any tusks : ibt 
taolh ore moloiB or grindera exeluaively ; they are five in number on each udo of the 
upper jaw, and tour on eacji side of the la wer jaw— eighteen in alL All those ti%th nrc 
Teraacknblo for their gi'eat Icogtb in proportion to their tnettdth or thickness, being 
from eight to ton inches in longth, and bctveun two and Hires inches only in breadth. 
They are very deeply implanted in the jaw, and the lower jaw biB a quite peculiai- 
fonii, ia Older to acquire the requisite room for the lodgment of the lower Itoth mid 
their " mattices," or fonnative organs. 

The noit pcDuliarity to he notici^l in these remarkable tn3lh is the great length of 
the eoi|ical cavity at tlteir base, iur lodging the part uf the matrix csllad £ 
the apis of the pid)»-eavity idaiiig as fkr as the port of the tooth where it ei 
verse fieaure in continued from this apex to the middle ci 



1 



I 



I 



L BTBTEM OF THE MEGATHEKITJH. 295 



the grinding «iirfiicc of the tooth, wbidi is t)iua divided in 
halveg'Ccmeiala of tbicc distinct Bubstanc«e— ;a centxol colut 
pttml and nearlj equally t^ok layer of " cemtnt," imd od 
ThialattnrhaB.baen doacribedi 



twu halTOB. Enoh of Ihoee 
in of " vB30-dentine," a pari- 
intermediate thinner atiBtum 
)1 ; but it is cmly 



andlogDils t» that differently ccinstitatod and harder siibatanee in the carnpotmd tcoth 
of die elephant, in regard to its relatiTe mtuntion, and ite degree of denaity to the other 
cooridtuento of the tooth of Iho mBgothorium. 

Mo apcoiea of &e onlor OBllod "Brata" er "Edentata," to whidh the estintt 
magatherium belonga, has true enamel ent«^g into tho eompoaition of its teeth ; hut 
the modifieBtion.'t of Btructurc whieh the teeth present in the diflerent genera of this 
ardcr are tonaideisblc, and their coinploiitf is not leaa than that of the enamelled teeth 
iif the horbiveiDus, tuuiinont, and other hoofed animals, in eonBeqiience of the intro- 
duetiun i)f a deotol aubBtanee — the ^^Tuao- dentine"— into their eompoaitien, anatogoua 
in (tructuro ta that of the tcoth of &d Myliebalis and Other cartihiginoug fishes. The 
aemunt of the megatherium's tooth differs &om the vaso-dontino \A the larger siie and 
wider intospaEiH of its medullary canals, and by thepresenee of ladialed bono-ceilB in 
their intorapaocs ; hut thcj arc bron^ into organic eonimunication with each other, 
nut only by means of the tnboE of coane dentine, but 1^ oecssional oontinnity of the 
voeeulor canok aoross that subslnnee. Th« tooth of the megBtheriuiD thns offers m 
onc^uiTDoal oamnplo of a course of nutriment from the dentine to the cement, and rcci- 
preeolly ; so that the main substance or body of the tooth can obtain the requisite supply 
for its languid vitality &om the vessels of tlie capsule as well as from iLose of thepiilp. 

'riio conical cavity at tho base of the tooth attests the large size, end demonstrates 
the fimn of the persiltont pulp in the Irving mogatherinm : the diomster of its base js 
equal to the part of the tooth which IB formed by Qie nombined dentine and vaso- 
. dentine. From the grndnol thinning off and final diaoppoaconee of Xkoae snbstimces as 
they reach the base uf the toutli, it may be inferred that both vere formed at the 
oxpumo of thi- pulp. The fine dentinal tubes must have buen established and calcified 
in the peripheral layer of the pulp, whitA layer must have been wholly so converted 
int<i the dentine; but as the doposition of tbe hardening salts proceeded in theTest ef 
the pulp, ocitam traots of &at soft and vascoliir substance wore lejl nncaleified, to fbnn 
the msdulhiry or vosoulor eenala T^hioh Bhamoteciie the voao-dentine. THie apace 
between the inserted base of die tooth anS the walls of tho sodiet indicates the Ihidc- 
jiesB of the dental capsule, by tho osaificatirm of which tho exterior layer of Dement was 
^rmad.; and thin modifloation of the taath-£irniing organ in the megatherium pennitled 
the progressivo addition of oomant, as (he pEmistonee of flie compound pulp ocoastoned 
ithc muntcmipted and continuous fijrmation of Ihe harder dentine, which is aniQngoua 
to tltssnamal iu the eiepbanf s grmdcj- 

ia uU oMoutiul characters the tcetli Of tho megathoiiniu repeat, on a magnified 
Mole, the dental peculiaritieg of tho sloth ; and since, from a similarity uf the form, 
uumber, kinds, and sCructuie of teeth, a -similorily of food is to be inferred, it may he 
oonoludcd that the 1ob.v<» and aoft sneonleEit sprouts of trees formed the staple diet of 
I, nid of the iEi>[^tc and eontempomry megolonyx and mylodon, as of 
tho existing sloths. The enormous claws of tbose gnjot extinct sloli-lite quadmpeda, 
by the fossorial (digging and serstching) ehnructcr of the powerful meehaniam 
of the diinbs that worked them, wore employed, not, as in the stodis, to carry the animal 
.to ila (bod, but lu bring the fiind wWiin lie reach of the animal, by uprooting 
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In tfic rfiniuns of flie mBgatherium wc hare evidence of Ike bamcwark 
qiiadnipnd equal to the task nf undermining and tearing down tho largest 
tropical forest. la tlie Utter operation it ia oliyiuue that llie immediate application of 

anterior extremities to the trunk of the tree vonld demHud a corresponding fulcrum 
to he efifectual ; and it ia tho neceaaity for an adequate basis of support and resiatanoe 
Ic sucli en application of the fore-extremities which gives the explanation of the 
seemingly anomnlnus devclapmcnt of the pelvis, toil, and hinder oxtramitiBS of the 
mogfttherium and its oslinct allies. No wonder, Ihorefore, that their type of atnictnre 
should he bo peeuliac ; for where ahall ne now find quadnipeds equal, like thorn, to lie 
habitual task of uprooting trees for food 1 

Teeth of the Anoplotheiliun.— Of the extinct quadnipcda with hoo&, and 
Mch were consequently herhivorous, Iho Bpocioa restored by Cuvier from fossil 
'mains discoycrod in the quarries at Mnntnmrtre, near Paris, was one of the moat 
ancient. The great comparative anatomist called it anopletherium, from the Graok 
urords signilying " weaponless," because it had neither horns nor tusks. It was, how- 
^Tur, eharaeterized by tho most complete system of dentition ; for it not only possessed 
.n«iaors and canines in both Jawa, but these were so equably developed that they formed 
me unbroken series with the premolars and molars, which charaetar is now found only 




The denial formula of tho genus AmtploiJieriumh expressed by- 



.3-3 



3-3 _ 

"' a-3 ~ 



4, BignHying that it had, on each ride of both upper end lower jaws, fliroo 
icisoTB, one canine, four premolars, and three true molars ; in all, fiirty-four teeth. 

Thcrae teeth which arc transitorily manifoslcd in the embryo state of some mminanta, 
a tho upper incisors and canines and the anterior premohtrs, p 1, were in the ancient 
coplothere retained and ntised to a proportional equality of size and function with the 
?Bt of the teeth. Tho true molars had a broad grinding surface, with enamel-ooTcred 
crcscentic lobes, remotely resembling those of 1^ existing ruminants. In some of the 
smaller species of aiu^otAerium the niminant type of grinding aurfaco was more closely 
adhered to, and the fossil lower jaws of suoh species, as e. g. of tho HieTvAmie eBrvimaa 
have been mistaken for those of a ruminant, and have been referred to the genus 
Motdna. One of tJiese interesting transitional extinct quadrupeds, descrihcd in the 
" Geological Journal," for 1647, under the name of Vifhodon, had forty-fout teeth in 
inintermpled scries, and of the eame kinds, as in the anoplothere ; but the teeth 
there marked p 4, and m 1, upper jaw, I haTe ascertained to bo "milk-teeth." 

Teeth of B-nminantB. — The even-toed or artiodactyle Unffulela superadd flic 
characters of simplified form and diminished, size to the more important and constant one 
of vertical succession in their premolar teeth. These tooth, in the mminanls, represent 
only the moiety of the true ihoIstb, or one of the two semi-oylindrical lobes of which 
those teeth consist, with at most a rudiment of the seeond lobe. An analogous 
nDiphological character of the prcmolaia will be fbimd to distinguish them in the den- 
ition of the genus Siit (Fig. 23, j> 2, p 3, p 4), in the hippopotamus and in the p/inco- 
chants or wart-hog, where the premolar series is greatly reduced in number : yet this 
instanoe of a natural affinity, manifested in so many other pails of the organization of 
~[e artiodactyle genera, has been overlooked in F. Cuvier's work above cited, although 
is expressly designed to show how such Jioologioal relations are illustrated by the 
teeth. 
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Host of tlio d(.'L'iduouB teeth of the riimiiiantB resemlile m form tho true molsis ; tho 

St, B, J., has tliTBc lotea in tlio lowBr jaw Ulif the last true mnlnr. When, thcroBwB, 

the third grinder of the lower jaw of imy now or racu nimijant Bho«-a tliroc luboB, the 

ivna of the premolars should be sought for in fhe Babstanco of tbo jaw holow these, 
and nbOTO their opponontB in the upper jaw ; and thus the true dharaclers of the per- 
lonent dentition may be ascertained. 

The deciduous molars are throe in number on oacb aide, and, being succeeded by na 
many premolajs, tbo ordinary permanent mi>lar formiJa is p ^ — ;i »• 5— „ : but there 

rudiment of an anterior milk-molar, d 1, in the embryo fallow-deer, and in ono of 

moat ancient of the latinet ruminants ^iermlherHiai, Eaup) the nonaal number 
of premolars was fuUy developed. 

The molar aeries of all tho Diphyodonts ia naturally divisihle into only two groups, 
promolara and molars ; the typical number of these ia , --, , ^ — ^ ; and each individiial 
tooth may be determined and Eymbolized tbroughout the aeries, as ia ahown in 
■ istanoea under Cut 25. 

Seal Tiibe. — {F/iacidis). — There is a tendency to deviate from the ferine number 
of the inciaora in the moat aquatic and piscivorous of tho Musteline qoadrupeds, 

, tho sea-otter (laJigdra), in which speeiea tho two middle indsora of tie lower 
are not developed in tho permanent dentition. In tho family of true seals, tho 

sive formnlfl ia further reduced, in aorae species even to zero in the lower jav 

it never eicocds ^ — -. [AH tho phocHa posaess powerful canines ; only in tho 

Tnnt walrus are they absent in the lower jaw; but this is compensated by the sin- 
gular excess ofdevclopmcnl which they manifcat in the upper jaw (Fig. 18). Inthepinni- 
grado, as in tlic plantigrade, family of camivoTes, wc find the teeth which coireapond to 
10 molars more numerous than in the digitigrade apeeiea, and even occasionally rising 
to the typical number, three on eaeli side ; but thia, in the acale, is manifested in the 
upper, and not, as in tho boara, in the lower jaw. The entire molar aoriea usiuilly 
inetudcs five, rarely six teeth on each aide of the upper jaw, and five on each aido of 
the lower jaw, with crowns, which vary little in size or form in the same individual ; 
they Bxo supported in aomc genera, as tho eared seals ffilaria:), and elephant seals {cytlo- 
phura), by a aingbj fang ; in other genem by two fangs, which are usually connate in 
or second teeth ; the fang or fangs of both incisors, canines and molars, axe always 
remarkable for their thickness, wMeh commonly surpaaaos the longest diameter of the 

vn. The erowns are most commonly cotnpreaaed, eooical, more or less pointed ; 

i. few of the largest species they ore simple and obtuse, and particularly so in 
tho walrus, in which the molar teeth are reduced to a smaller nnmber than in the true 
soils. In these the line of demarcation between the true and false molars is very 
indefinitely indicated by characlcre of form or position \ but, according to the instances 
11 which a doeidaouH dentition has been observed, the first three permanent molara 
loth jaws succeed and displace the some nunilicr of mitlt molorE, and are conseipently 
n-fmolam ,* oce-asionally, in the scola with two-rooted molars, the more simple cbaractcr 
of the premolar teeth is manifegted by their fangs being connate, and in the Stmor- 
hyneliiu iim'rlmt the more eomplei character of the true luolara is manifested in ibe 
(Town. In the StenerAifiieAui leploH^ each malar tooth in both jaws is trilobed, the ante- 
rior and posterior aeceBaory curving towards the principal one, which is bent ali^tlY 
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Ijaekwards ; ull the divisions arc aliarp-pnintcd, and tho arown of euch molar liais 
TBicmblcB the trident or fiahing-spBOi' ; tlic two fungs of the flrat molar in both jaws aic 

iMe. In tho SUnorhi/iultue etrridmn the three anterior moluB on each idSc of both 

'B are fonr-labed, tiunre being ODe anterior and two 'postorior oecessoiy lobes ; the 
remaining posterior molara (true oioIhm} are five-lobed, the principal euap having one 
amnll lohi; in front, and throe dereloped irom its posterior margin ; the gummilE of the 

3s aiB obtuBG, and t^e poBterior onoa ore recurved like the jirincipnl lobe. SometiRiea 
the third rooiar below has three instead of two posterior BCWMaory lobea. Ocuaaionally, 
also, the second, as well as the ilrst molar above, has its fangs eonnate : but tho obbfd- 
tially dupl^ naiuro of the setjmiiigly singbi fiing, which is unfailingly monifaated witliia 
by the double piilp-oavitj, is olwayB outwardly indioatdd by ihe median longitudinal 
opposite indentations cif the Implanted base. 

Teeth of Qi)a<lnuii«iik> — The cbieF nim of eoraparativc anatomy being the 
better oomprehenbion of the Htrueturt! nf man, wc aVifitl fiimllj dL'acribc those modificiL- 
tions of tho dental sygtem whioh throw more iramtdiatfi light on tho nature of the 
teeth in the human subject, andwhieh are met with, as might be Ripeot^^d, io the order 
(Quui^rHiniTnii) of tnaimiialia that makes llie nearest approach to that rcpreBsnted by the 
genua Avma. 

Through a considerable part of the qiuidrumanous Bcriea, s, j., in all the apw and 
monkpya of tho Old World, in atl the (genera indeed whioh are above the lemors (cnt- 
mouiieys and alow tDOnkeyn) of Madogasinr, the some nnmbor and Idnds of teeth ore 
sent as in man ; the first derintirjn being the dispToportionntc aiao of the canines 
i tlio concomitant break or " diastomii" iu the dontd series for tho reception 
of their crowns wlian the mouth is shut. This is manifested in both the cliim- 
paniees and orangs, together with a aciiial differonec in the proportions of the cunitic 
teoth. 

Jn that largo ape of tropiiial Africa, Oalled the " gorilla" (Trojladi/lm gariUii), which 
a some important TartieulorB more resemhlEB man than doos the Bmallor kind of chim- 
anaea {Tnglodijttt niger), thp dentition aeenia to approach naarur to lie eamiviiroua 
ppe, at least in tho full-grown male (see Fig. 50, p. 281). It is neyertheless strictly 
q^uadrumanouB in its essential charoetera, as in flie broad, flat, tubcrtulate grinding 

TacaH of tho molar teeth i but in the minor partieulara in whioh it dificrs from the 

dentition ofthoorang, itapproaohes nearer the human type. In Uie upper jaw the middle 

cisOTB arc smnller, tho lateral ones larger than those of the iirang ; they arc thus more 

iwly equal to each other , nuvertholess the proportional auiieriority of the middle pair 

ia much greater than in mau, and the proportinual aize of the four incisoi? both tu the 

Ire akoll and to tho other teeth is greater. Each incisor hna a prominent posterior 

il ridge, and the outer angle of the lateral incisors, i !i, is rounded otf as in the 
orang. Tho incisors inclino forwards fixim flie verticBl line as muoh as in the groat 
orong. The charactcriBlies of the human ineiBOifl ore, in addition to their truB incisive 
wedgo-like form, their near equality of siae, Ihuir vertieal or nearly vcrtiral poBition, 
and amall relative size to the other teeth and to the entire skull. Thediaslema, between 
he iouisors and tile canine on each side, is as well mariied in the male oMnipan;:ee as 
n the mole orang. The crown of the canine (iS.), e, passing outside Ao interspace 
wtweon ■&€ lower canine and premolar, nxtends, in tho male Trafflvdr/Uii gorilla, a little 
below the olvaoloi border of the under jaw when the mouth is shut: the canines in 
both jows are twise t3ie siae of those teetL in the female gorilla. 

Biiih premolara are bicuspid ; the outer cusp of tho first and the inner cusp of the 
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tutrond bang die loirgeet, and tbc €vst prcmcibtr consequeally appearing llic lureeet on 
in oxtonWl viaw. The Bntcrior eitemal aoglB of the first pnanolar is not prodnccd as 
n (he nnuig, ntupk in this roapcat mokes a, marked approauli to the lowur jiaufnimoiia. 
In man, wh<?re tho uutor curve uf the promojiir port of the dnntal series is greB:ter than 
ot' both premolars are tho largest ; the altornating eupc- 
noritj'of size in the t^umipsnieenccDrda with the afa-Eii^t line whicb tho aantnc and 
ptomnltni farm with the tmo ntolars. 

The Bn'ce true niulnra are quniiriciiapid, relatively Inrgor in comparison with tiiB 
biciisptdn than in tho omng. In the first and second molars uf both speciee uf 
chimpBiBMB a ilow ridgo Eonnects the anteru- interna! with the postpro-extfVDBl onsp, 
croirn ohliqunly, ns in man. There is & feoble indiiiation of the same ridge 
'n molars of the orang ; but the four principal cusps are mush Ices distitiet, 
and the whole grinding surfate is flattrr nnd more wrinkled iban in. the chimpnmiec, 
Tho Topatition of the strong sigmoid cnryes, which the unworn promiuenaas of the 
first and second true mohtTB present in man, is a rerj significant indication of the near 
affinity of tho gorilla and the ehimpnuzee, aa oomparcd with tho approach made by the 
onnga or any of tho inferior juarfruwoiui, in wiich tho four ouspa of the true molars 
1 independently of each othor. Tbc promolais as well sa molars arc 
scTerolly implanted hy ono internal and two oxtemul fangs^ diverging, but curving 
towards each oflier at their ends as if graspin g the subatanoe of tho jaw. In no variety 
of die "hmnan apeoies arc the prcmoliirs nomiidly implanted by three fimga ; at most 
I mot is bifid, and the ontiTr and innor divisiDiis of the roilt arc ennmionly nmmtte. 
is only in tbo blaok varieties, and more particularly that race irihabiting A'ustmlia, 
that I have found tiie wisdom tooth, or iaat true molar, with three lungs as a general 
rule ; and the two outer onoa ore more or less confluent. 

The molar scries in both spcuie^ of chimEianzee tbrms a straight line, with a slight 
tendency in the upper jaw to bend in the opposite dircetimi to the well-msrlced curve 
which the same series describes in the hmnon subject This difference ■of orrango- 
But, with the siore complex implantation of the premolars, the proportionally Im^er 
!e of fhe ineisoTS as oomparcd with tho malora ; tho still gmaler relative magnitude 
of the oanines ; and, above hU, the apiual dirtinotion in that respect iilnstrated by the 
alcull of the iiill-grovn male gorilla (Fig. €0, p. £61), stamp tho ehinyjanzeeB n 
dseiaivcly with not merely specific bnt generic distinctive charactera as compared with 
"'or the tcdth an.' faduoocd in their shape and proportions in the dark 
jf Hieir tSosed formative alveoli, ant! do not come into the spherB of oparDtion 
of eitonial modifying enuBOB, until the I'uL size of the crowns has been acquired. 
Tbc farmidablo natiml wenpona, with which the Creator has armed tho powerliil 
malt* of both gpeeios of chimpanzee, form the oompensatiou for the want of that 
psydiiinl capBctliy to forgo dostnintive instroments which has boon reserved as the 
eictuaivo prorogative of nan. Both chimpanzees and otangs differ &om tl 
subject in the order of the dBvelopment uf the ponnaneivt series of teeth ; the second 
moiia, m 2, cornea into place before either of the premolars has out the griim, and the 
]tx, m 3, is acquired before the canino. Wc may well suppose Ihatftc larger 
._s ant enrlior required by the frugivorous chimpanzees and oninga than by U 
togher J^goniied omnivoronn ipecicn with more numerous and varied resoarucg, an 
Jimbahly one main mndition of the carlior diwelopmcnt of Che canines and premolam in 
may ho their smuller relative aise. 
Tn the fiouth American quadnimanB (ho nnmbor of teeth is incroosed to thir^-w 
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by an tulditida. of ouo toutb to ihu molar Berk's on each eido oi' both jan-s. It might be 
conotaded, d priori^ ibat as tbrcc is tbo typkal □lunbcr of true molora in tJio plooontnl 
mammalia with two sols of teeth, the additiomJ tooth in the eetinic would bp a premolar, 
and form one step to the rcsumptiun of ths normal number (four) uf that kind of toelih. 
'Fhc proof of the accnntcy of this inference is given by ilm state at the dentitiaa in any 
young spidor-monioy (AUlti), or Cspncln-monkey {Peius), whieb may con-cqiond wiUi 
that of the homan child in Fig, 26, i. e., wbero the whole of the deciduous dentition ia 
retained, together with the first truo molar (m 1) on eaeh side of botb jaws. If tho 
germs of the other teeth of tho pcmiaiu>nt Bories be oxpo^od in the upper jaw (03 in 
Fig. 26), tbo eronii of a premolai' wiU be found above tho third molar in plaeo, as well 
aa above iiie second and lirst. As regards number, therefore, tho molar scried, in the South 
American monkeys (Uti/ecfes, Alelii, Cibus), is intermediate between that of tho genus 
Mvslela anil of Felii (Fig. 17) ; the little premolar, f> i, in JTnc^^ shows plainly enough 
which of the four is wauting to eompIet:e the typical number in the South Ameriean 
monkey, and which U the additional promolar distinguishing its dental formula &om 
tbnt of tbo Old 'World monkeys and ■"in . 

Zoologists have rightly stated, as a matter of fact, that the little umnnnset monkeys 
I^Hapuli, Ouiiliii) " have only tho eame'numbtir of tooth as the moukiya of the Old 
T^'otU — viz., 32, 1 - , c - — = , m - — -^." But the difference ia much greater than this 
numpricol conformity would intimate. In a young Jacchu' penidllaUui I find that there 
are three deciduous molars displaced by throe premolars, as inthc other South American 
i|uadrumana, and that it is the last true molar, nt 3, (he devolopmcnt of which is 
suppressed, uot the premolar, p S, imd thus these diminutive si^uirrd-likc monkeys 
aotuoHj difibr from the Old "World forms more than the Cebida do ; i, e,, they differ not 
nnly in having fcnr teeth {p 2 j— -;)i which the monkeys of the Old World do not 
possess, hut also by wanting four teeth (m 3 — r), which those monicyt, as well aa 
the Cchida, actually have. It is thus that the investigntioii of tho esact homologies of 
partt leads to a recognition of the truo characters indicatire of zoological affinity. 

Most of the iMRvrina have p i-^, m r— -j, together with remarkable londiflDations 

(if their incisive and canine teeth, of which an extreme example is shown in the pecti- 
nulud tooth of the ^afeopi'tSswis. Tbo inferior incisors slope forwards in all, and the 
canioos also, which are contiguous to them, and verj' similar in shape. 

lo the hoofed quadrupeds with toes in uneven number (jwrwjorfffrtyAi), wlioso 
iiremolars, for the most part, repeat both the form and the eomplei structure of the true 
molars, such premolars are distinguished by the same character of dcvolopmeat aa 
those of the ariiodaeli/la, or ungulates, "wilh toes in even number ; although here the 
premolars are distinguished also by modiGcationB of aiso and sliape. The complex 
ridged and tuberculnte crowns of the second, third, and fourth grinders of the rhino- 
ceros, hyrai, and horse, no more prove them to be true molars than the tronchant shape 
of the lower eamassials of the lion proves tbcm to be false molars. It is by dovelop- 
ment alone that the primary divisicu of the series of grioding teeth can be dlablished, 
and by that character only can the homologies of each individual tooth be determined, 
and its proper symbol applied to it. 

In Fig. 20, the three posterior teeth of the almost uniform grinding KnrieS of the 
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liQFeG'B dcntitiun am thus proved to be tbo only ones cutitleil to the ) 
molnrs;" and, if any Dna should doubt the eertaiiily of the iiJc of eounlinB, by 
which tho symbolji, p i,p 3, sod p 2, nje applied to tho throe largo anterior griml- 
ing teeth {it.), whiah aro commonly tho only premolars pi'vscut in each lateral series 
of the horse's jflire, yet tho oocaaiomtl retention of the diminutive tooth (jj 1), »-oulil 
establiah ite accuracy, whcUitr euch tooth b« regarded aa the first of the deciduous 
flories unuBimlly long rctaioed, or thu unusually small ami speedily lost encccssur {p 1) 
fan abortive (ill). 

Tha law of development, so beautiful for its instmictivencss and conatoQcy in tho 
placental diphyoiOBia, ia wdt illuj<tralcd in the Utile hyrux, in »'hich the dlis normally 
doveloped and sucoeedcd hy a perninjient, y I , diSeiing from tho rest only by a graduated 
inferiority of sine, which, in regard to the last p rcmolar, ceases to be a distinction between 
it and tho first true molar. 

The elephant, whiiJi by ita digital charnotBrB belnngg to the odd-toed, or pcrisBo- 
daetylc, gronp of pachydeinu, also resembles them in tbo cIobo agreement In form unil 
Btruetoce of the grinding teeth representing the premolars, with those that answer tii 

^tme molars of the hyrax, tapir, and Thiuocoros, Tho gigantio proboscidian ' 
pachyderms of hAa and Africa present, however, bo many peoolianties of structuic ns 
a have led to their being located in a particular Jomily in the Systematic MummalDgies. 
And this BGcmi to be justified by no ohanictei more than by the singular seeming 
iccption which they preMnt ^to tiio diphyodont rule whioh governs the dentition of 
other hoofed quadrupeds. In fact, tho elephimt, like the dugong, Hhcd;: and replaces 
vertieally only its incisors, which are also two in number, very long, and of con- 
^ont growth, forming tusks, with on analogoua aexuol dificrcnce in this rcapcet 
I tho female of tho Asiatic species. The molars, also, are Buc<«ssivcly lost, aii' 
ot voitically I'cplaced, and are reduced finally to one on each side of both jaws, 
which is larger than any of its predecessors. Theso analogies are interesting and 

festive in conuottion with the other approximations in the " Sircnia" to the 
pachydormal type. 

In the mammolifln orders with two sets of teeth, these organs aequiro fiscd indivi- 
dua! chamvtcrs, receive special denominationB, and eon be determined from species to 
Biicoies. This individualization of the teeth is eminently signiflcatiTe of the high 
grade of organisation of tho animala manifesting it. Originally, indeed, the nan 
"incisors," "loniarics" or "canines," and "molars" were given to the teeth, '. 
man and cortain mammals, as in reptiles, in reference merely to the shape and 
offices BO indicated ; but they are now osed as arbitrary signs, in 
and dolaraiinalc sense. In some camivora, e. g., tlie front teeth iiavc hruoil 
tiiberoulate summits, adapted for nipping and bruising, vhilc the principal bati: 
teeth are shapiid for cutting, and worii upon eaoli other like tlio blades of bciseotb. 
The fnmi tootli in the elephant project from the upper jaw, in the form, sizo, 
and direction of toog pointed hems. In short, shape and size are the looA 
constant of dental ebaraetora in the manunalia ; and the homologous tceti ai 
determined, like other parts, by l^ii' rclatire position, by tlicir connections, and b 
leir dovelupment. 

Thoea tcotl) which aro implanted in the premoiiUary bones, and in the coiresponding 
part of the lower jaw, are called "incisors," whatorarbe their ghapo or aiKC. Tho tooth 

"lo manllory bone, wWch is situated at, or near to, tho suture with tho premaiillory, 

ic " Limine," as is also tBat tooth in the lower jaw which, in opposing it 
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fotitt of its uruwu whpu tha muatii is closed. Tho other Kutb at the liiBt aab ar 
" dcoiduoixa molKre ; " tho teetli wHch dieplan! and suoHicd tliem vertiopliy an 
" pre-moWa; " the more posterior teclb, which lu-o nutdiljjhivcdby vertiuiJsu 
am Bib "molars" properly so callBd. 

The hog is DUO of the few existing ^osdrnpedB wlMh.i«taia the t^icil number tuiil 
\jD6a of toeth. 

Flgoro 25, pnit of the lower jaw of a young hog, lUustratca the phenomena of 
diivelapment whith distingiiiehcs the prcinolara from tho molars, 'flu; first premiiliu-, 
D 1 , and the first molar, ui 1, oro in plaue and tue, togcthi^r with tki' Ihret! dotdduDua 




ronlara, li 2, li 3, imd. d 4 ; fha Beonnd moLir, m 2, boa jiut bugun to cut tho gan ; p 2, 
i, itnd p i, togct^r nHch m 3, aio mors or h;s9 inoomplele, and onncealed in their 

ulossd llTColi. 

The prymolurs must displace docddnona molnrs in orclor tci riac inlo place ; tliB mohirfl 
hare no such itdations. It will be observed that the IsKt deciduous muJar, d 4, hu tht 
sune rehitivo superiority of sue to rfS andd2 which laS bears to in 2 nadnl; and 
IB oruwns oSp3 ond^ 4 arc of a mora aimpL form then thosu oftJio milk-teeth whiuh 
ley lua destined to succeed. 
The genu of the permanent cumise has mot yet appeared below the deeiduaiu one, e ; 
those of the permanent incisara, tl, i2, i3,arc sGiai ready to push out the dtuiduous 
ndl,d2,di. When the whole of tho sooond ett of teeth bin place, itsiutiire 



I 
I 



.3-3 



i-i 3-3 



by the formula:— 1=— ^, Br— — ,fij— 7, m^—^H: which sijpifies that 
[do cif bnth upper and. Iob'ot jaws, throe inciaors, oi 



molars, making in all forty-four tcdh ; each diflttu^shcd by tho 



thflro me, on eaeli 
prmnohus, and th 
!iymbol mailed in 

When the premolars and tho molars ace below thuir typical immbcr, the absent 
tosth aro missing from the fore i>art of tbe premolar scrici, and &om the back port of 

mohir series. Tho most constant teeth are the fourth premolar and tlui firet tnic 
molar; and, thoee being known by their order and mode of developmcat, Iha homo- 
lugioa of tho remaining molars and premphirs are dotermiuod by counting the molus 

n before backwards, i.p., "one," "two," "three," and tto pcemol are from beWnd 
^eirards, "/our," "three," "two," "one." 
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Eiamples of tllB typical dentition nre cxcc-ptiona in the actual creation ; but it 
the rule in tho forms of mBinmalia first inlroilurpd into tlis planet; and that, 
whplller the teelh were modified for nniiual or yegctahle food. 

With regard to the human dcotitinn, the discovery by ths great poet Groethe of ^p 



limits of tho prominillary bone in 



o the detennination of the iociaora, which 
are reduced to iMa on each aide 
of both Java ; tLe contiguouE 
tooth bIiows by itfl ahnpe, ns -well 
as position, that it is tho canine, 
and' tho charaptPTB of aiie and. 
abape have ulao served to divide 
tbe remaining five teetti in etii 
lateral acriea into two biciiapii 
and three molarfl. In this ii 
BtaocQ tho seoondary oharacteiB 
i.'onfuFm with tho oaacatial a. 
But Biaoe we have seen of 1 
little vbIud sEiape or aizi; 
in the order CKmivoca, in 
detoiminatioii of the oxaoC 
moIogJes of tho tooth, it ia sa 
lactory to know that tlie u 
puuBtant ajid important charao 
' ter of development givu^ Iho 
reiiuiaite pei-titude i 
ture of tliu BO-colled bicuapidfl 
in the humui euLjeet. In Fig. 
26, the oomJitioQ of thn tooth ia 
shown in the jawEj of a child of 
about six years of age, Tbe two 
incisors on each aiiio, d, i', arc fi " 
loB-cd by a uanine, c, raid thia by three moliir teeth like tJioae of the adult; 
fact, the laat of the three, in, is tlie first uf tbe permanent molars ; it has puabcd 
through the gum, !Eko tho two molara which ore in advance of it, without d 
placing any pri'vioiiB tooth, and tbe subslnnec of the jaw cootainB no gemi of ai 
tooth destined to displace it ; it is, therefore, by this cbaiactcr of its developmeut, 
a true molar, and tlio germs of the pemianent teeth, which are i 
suluslauoc of the jaw, betu'cen. the divCT^iug iimge of the molars, d 3 and d i, proto 
those molaiB ti} be temporary, destined tu be replaced, and prove also that tho tcelll 
tu displace them ore premolars. According, therefore, to &e rule prcviooaly laid 
down, ire count tho permoucnt molar in place as tlie first of its scrici', m 1, and ^e 
adjoining premolar as the last of its aeriee, and coasC[|<icntily tiic fourth of the typical 
donlition, or;i 4. 

'o are tliua enabled, with the same scirntific certainty as that whereby we recoji- 
Q tiie middle toe of the foot the homologue of that great digit which forms the 
whole foot and is incasoc! by the hoof of the horac, to point to p 4, or the second 
bicuspid in the upper jaw, and to ui 1, or the first molar in the lower jav 
tho homologues trf the great camaasial, or flush-cutting, tooth of tho lioo (Fig. 17). We 
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i ANiD SYMBOLS OF TEETH- 



oIbo ooneluda thut tto tenth wMoh arc wmting in man tu compieto the typitul molar ae 
arc the first aodaccoiid prcmolitrs, the homolagucs of tJiose niarkcdp 1, onAp 2, iu the 1 
ThG cliaraciUriBtic sliortemng of the inaxillitiy bimcB required this climiniitian of the 
QiLDibei: ol their teeth, as veil as their aizc, and of the coniiics more eapeoially ; und the 
atUl greater nurtsilmcnt of the jrcmniillaiy bone is attended vilh a diminished numher, 
uid an altered position of tho incisura. 

Tha homologoua teeth hoing thus delcnninallc, they may be Ecvetallj signified hy 
a aymbol aa well as by a name. The incisois, ;. g., are here represented hy their ini- 
tial letter, i, and individually hy an added number, i I, i 2, and i 3 ; the cajiines by 
the letter, e ; the prcmoiajB by the letter, p ; and the molara by the letter, «i ; tlicsc 
nloo being diffi^rentiated hy added niimoralB. Thus the number of these teeth, on caeh 
side of both jawB, in any given species— man, ;. ^.— may be expressed hy the fbllswing 
. „ - , , 2—2 1—1 2—2 3—3 

fominla may he signified by il, t'2; ei pa,pii ml, in 2, in 3; the topprealed taett 
being i3, ji I, ftndp 2. 

Those symbols, it is hoped, are so plain and simple as to hate formed no obatiitl 
to the fuH and easy comprehension, of the facts explained by means of then 
If those facts, in the manifold dircisitiea of mammalian dentition, were to t 
dcacFibed in the ordinary way, by means of vtrbal phraaoa or definitions of tli 
teeth — e.g., " the second deciduous molar, representing Ibe foarth in the typical 
dentition," inst^d of rf 4, and so on — the description would occupy much Epaoe, and 
wonld lery audi a tai upon the attention and memoiy aa must tend to enfeeble 6ic 
judgment, and impair the powtr of ecizing and appreciating the results of the i^otn' 
paneons. 

1 year's ciperienee strcngtbcna my conviction that the rapid and suewss- 
fol progress of the knowledge of ouLmal straclui'ea, und of the generalizatians llcdn- 
cible therefrom, will be mainly iuflucncoJ by the determination of tho natiiii; 
r homology of the parts, end by tho concomitant power of condensing the pio- 
relatijig to them, and of attaching to them signs or symbols equivalent li 



F work on the "Archetype of the Stelcton," 

bonca by aimple numerals, which, if generaUy adopted, 

; and all the propoeitiona rcfpceting the centrum of the 

e predieated. of the figure " 1" as intelligibly as of " b 



their single substantiTe n 
I have denoted most of tl 
might take the place of nan 
occipital vertebra miglit b 
occipitaL" 

Tho symbols of the teeth are fewer, arc casUy understood and remembered, rendei' 
nnneoeSBBry the endless repetition of the verbal definitionB of the parts, harmouiie 
conflicting synonyms, serve aa a universal language, and express the author'a meaning 
in the fovrest and eleaiest teruia. The entomologist has long found the advantage of 
such signs as ^ and 9 , signi^dng male and female, and the like ; and it ia time 
the anatomist should avail himself of this powerful instrument of thought, instruet 
and diaeovery, from which tho chemist, the astronomer, and the mathematician 1 
obtoined Euch important results. 

RICHARD OWEX, 
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